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ABSTRACT 
ABSTRACT 
An experimental study was carried out into the effect of fluid 
properties upon mass transfer coefficients in packed distillation 
columns. A column consisting of 19 stainless steel discs supported 
in a vertical row, with each disc at right angles to its neighbour, 
was used for this purpose. This assembly was contained in a 1 in. 
diameter glass tube which allowed observation of the liquid running 
over the discs. 
Distillation runs were made with the systems ethanol/water, 
isopropanol/water, ethanol/benzene and benzene/n-heptane. With 
surface tension negative mixtures, sprays of droplets were emmitted 
from the liquid as it ran over the junctions between the discs. The 
phenomenon was filmed using high speed cine photography. 
In order to eliminate hydrodynamic effects in droplet form-
ation the surface of a stationary sessile drop supported on a 
horizontal disc under total reflux conditions was also observed. 
Small droplets were seen to be ejected from the surface of the 
sessile drop with surface tension negative conditions, and again 
filmed using high speed cine photography. 
The additional interfacial area caused by droplet formation 
in the disc column was shown to be negligible. 
Experimental rashl ts, in the disc column wi th systems in 
which the vapour phase controls the mass transfer rate were used 
to establish correlations for the vapour side mass transfer 
coefficient. Depending on whether laminar or turbulent conditions 
were prevailing, the correlations were: . 
, 
~ 
D 
v 
= 
xi 
for Re <1700 
v 
and 
= 0.089 
for Rev ). 1700 
90% of the 270 data points were within + 25% of the correlating 
lines. 
From experimental results in which the liquid film was con-
trolling a correlation was developed for the liquid side mass 
transfer coefficient. The correlation takes into account surface 
tension and thermal effects: 
;~ ( ~2)1/3 
L \P g L = 0.0027 
In this case 70% of the 74 points used were within + 33% of the 
correlating line. 
The correlations Were checked from experiments conducted in 
this work and the work of previous investigators (Kurukchi, Cakaloz 
and Fresco). Experimental values of the overall number of transfer 
units were plotted against values predicted by the above equations. 
75% of the 504 experimental values were + 25% of the predicted 
values. 9 binary systems were used to check the correlations, 
and these are: 
methanol/water, ethanol/water, n-propanol/water, isopropanol/ 
water, methanol/benzene, ethanol/benzene, acetone/benzene, chloro-
form/benzene, benzene/n-heptane. 
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INTRODUCTION 
INTRODUCTION 
In order to facilitate an economic design of packed distil-
lation columns it is essential to be able to predict individual 
mass transfer coefficients. Unfortunately the behaviour of the 
fluids in packed distillation columns is extremely complex and 
an analytical approach to the problem is not feasible at present. 
In order to first gain a deeper understanding into the behaviour 
of packed columns it has been necessary to develop an empirical 
approach. 
The ana.lysis of columns packed wi th an industrial type of 
packing is complicated because such packings are usually only 
partially wetted. Estimation of the effective area available 
for interphase mass transfer is in itself a major problem. A 
solution to this problem is to simulate industrial packed columns 
by model columns whose effective area for mass transfer can 
easily be calculated. 
Using this method has led to the development of empirical 
correlations for the individual liquid film and vapour phase mass 
transfer coefficients. These correlations were developed for the 
. 0 
tempera ture range 20-30 C during absorption i'processes, Liquid 
film mass transfer coefficients have been generally measured by 
absorption or desorpti'on of sparingly soluble gases. Vapour 
phase mass transfer coefficients have been generally measured by 
the,"evaporation of volatile liquids into an inert gas, or absorp-
tion of ammonia into water from a dilute mixture with air. The 
conditions of dilute mixtures and this narrow temperature range 
are not usually met with in distillation columns. The temperature 
and composition of the various components in a distillation column 
may, vary appreciably along its length. These variations affect 
J. 
the physical properties of the fluids in the column. Further-
more in distillation the vapour stream is normally at a higher 
temperature than the liquid in contact with it. This could 
give rise to various thermal effects not encountered "in the 
experiments used to develop the correlations for absorption. 
Kurukchi (ref. 12) obtained empirical equations for both 
vapour and liquid mass transfer coefficients during distillation 
conditions in a disc column. The disc column used consisted of 
a vertical row of 19 stainless steel discs, with each disc placed 
at right angles to its neighbour. Previous workers had shown the 
advantage of the disc column as representing the liquid flow char-
acteristics in packed columns. In each case an otherwise laminar 
film of liquid passes over a series of packing elorr.onts with mixing 
of the liquid streamlines at the discontinuities between ,the 
elements. 
Kurukchi's correlations were developed using rather a narrow 
range of physical Properties. It was the aim of this project to 
extend the range of the physical properties used and hence develop 
correlations which are ·more universal in scope. 
It has been understood for several years that surface tension 
gradients within the liquid have a considerable effect upon the 
wetting characteristics of packeq columns. During the last seven 
or eight years however, interest has turned upon the effect of sur-
face tension gradients upon liquid film mass transfer coefficients 
in vapour/liquid systems. 
Binary systems have been classified into positive or negative 
systems respectively depending upon whether the surface tension 
j,.ncreases or decreases down the c,olumn. Several experimental 
investigations have indicated that positive systems give higher 
2 
. liquid side mass transfer coefficients than those obtained with 
negative systems. However, a recent investigation has provided 
evidence that the opposite might be the case. Ejection of drop-
lets occurred from a stationary liquid maintained under distillation 
mass transfer conditions with negative systems. It was suggested 
that this was an analogous phenomenon to the spontaneous emulsif-
ication which sometimes occurs at the interface in liquid/liquid 
extraction. ·It was pointed out that such interfacial turbulence 
could result in large increases in liquid side mass transfer CQ-
efficients in packed distillation columns. Furthermore, the 
ejection of droplets would affect an increase in the interfacial 
area available for mass transfer. 
A second aim of the project was to establish an explanation 
of the ejection of droplets with negative systems. Furthermore 
it was intended to determine the extent surface tension gradients 
in the liquid film affect the liquid side mass transfer coefficients 
in the disc column during distillation. 
The existing mathematical criteria for defining positive or 
negative systems are either insufficient for all cases or are 
dimensional quantities, or involve other complex quantities. It 
was therefore decided to use a criterion with none of these draw-
backs. 
3 
LITERATURE SURVEY 
LITERATURE SURVEY 
2.1. Basic Mass Transfer Relationships 
Whitman's two film theory (ref.l) says that in contacting 
liquid and vapour phases, the resistance to mass transfer can be 
considered as being concentrated entirely in two thin films adja-
cent to the interface. The flux of a component A through the film 
on the vapour side is given by: 
(2.1) 
On the liquid side it is given by: 
= (2.2) 
On account of the difficulty in measuring the interfacial compos i-
tions, alternative' overall relationships in terms of the two bull, 
compositions are often used. 
KOG (y* - y) 
KOL (x - x*) 
From Fig. 2.1 it is apparent that: 
y* - y = (Yi - y) + (y* - Yi) 
where mA is the slope of the chord 
mA = y* - Yi 
x-x. 
1. 
(2.3) 
(2.4) 
= (Yi - y) + 
mA 
(x - x, ) 
1. 
(2.5) 
BC and 
(2.6) 
Substituting for the concentration driving forces in equation (2.5) 
by equations (2.3), (2.1) and (2.2) respectively gives: 
NA N mA NA = A + 
KOG kG kL 
hence: 
1 = 1 + mA (2.7) 
KOG kG 1<. 
J..> 
4 
By similar reasoning it can be shown that: 
1 = 1 + 1 
KOL ~ kG kL 
where ~ is the slope of the chord AB and: 
* y 
Y 
~ = 
* x 
Yi 
xi 
B 
- Y 
* 
- x 
" 
D 
x 
Fig. 2.1 Vapour/Liquid Equilibrium Diagram -
Basic Mass Transfer Relationships 
5 
(2.8 ) 
(2.9) 
(2,7) shows that an overall resistanco 1 Equation 
KOG 
may be 
1 
thought of as being the sum of two individual resistances 
kG 
and 
mA/kL , It is apparent that mA is important in determining the 
relative contributions of vapour and liquid film resistances, 
Chilton and Colburn (ref, 2) proposed that the deSign of packed 
towers should be made on the basis of the concept of transfer units, 
If vapour of concentration y of the more volatile component enters 
a thin horizontal section of a distillation column and leaves with 
concentration y + dy, the rate of mass transfer is given by: 
dW = (2,10) 
Where A = cross sectiona'l area of the elementary section of 
depth dz, Equation (2,10) is justified because in distillation the 
molar flow rate G is constant between two vertical pvints, This 
m 
assumes equality of the molal latent heats of the components, 
The rate of mass transfer by diffusion in the element at 
atmospheric pressure is given by: 
dW = KOG a A dz (y* - y) 
Equating (2,10) and (2,11) gives: 
Gm A dy = KOG a A (y* -
G ~ ',-. dz = m 
KOG a y*-y 
y) dz 
and integrating over the whole column length gives: 
z = Gm dy 
---
KOG a y* - y 
YB 
If NOG 
YT 
dy = 
y* 
- Y 
YB 
HOG = Gm 
KOG a 
G 
(2,11) 
(2,12) 
(2, 13) 
(2,14 ) 
(2,15) 
NOG and HOG are known as the vapour side overall number of transfer 
units and vapour side overall height of a transfer unit, 
Similar procedures give: 
YT xT 
G L 
Z = m dy = m dx = 
-- ---
kG a Yi - Y K a x - x* OL 
YB x B 
L 
xT dx (2,16 ) m 
kL a x - xi 
It is possible to derive the relationship between the overall 
height of a transfer unit and two ,individual phase heights of a 
transfer unit, The vapour and liquid side heights of a transfer 
unit are defined from (2,16) as: 
= (2,17) 
and = (2,18) 
Subs ti tu ting (2,14), (2,17) and (2,18) in equation (2,7) gives: 
HOG a HG a HL a mA = + 
G G L' 
m m .m 
Rearranging gives: 
HOG = He + mA Gm HL , , 
(2,19 ) 
Lm 
A similar procedure gives: 
HOL = HL + 1 Lm , HG 
-1"B G 
m 
(2,20) 
For operation at total reflux, L. = G and m m 
7 
= + (2,21) 
= + (2,22) 
2,2, Slope of Equilibrium Curve 
mA in equation (2,21) is often called the slope of the equili-
brium curve, There have been several different approaches at calcul-
ating it, 
Furnas and Taylor (ref, 3) pointed out that the slope of the 
equilibrium curve is a function of composition and consequently 
varies along the length of the column, They attempted to take this 
into account by using an average value of the slope defined by: 
1 
YT 
dv* dy (2,2:3) m = ~ 
YT YB dx 
YB 
However, dy* is the slope of the equilibrium curve at C 
dx 
whereas mA in equation (2,21) is the slope of the chord BC, 
A second method of measuring the slope of the equilibrium curve 
was proposed Furnas and Taylor (ref, 3) and was derived from 
equations (2,19) and (2,20) assuming that mA = If this was 
true, 
m = = = (2,24) 
,The assumption mA = mn is only valid if the equilibrium curve 
is straight, 
Granville (ref,4) used the concept of H,E,T,P, introduced by 
Peters (ref, 5) and measured the average slope of the equilibrium 
curve in the column using: 
m = ~n 
~n 
(2,25) 
8 
where n = number of theoretical plates corresponding to a slope of 
m. on the equilibrium curve. 
1 
Yoshida and coworkers (ref. 6) recommended the use of: 
(mA)av J" dy l' dy (2.26) mA y* y* - Y YB YB 
(mB) av 
-f dx dx (2.27) x - x* mB (x - x*) xB x B 
Norman and coworkers (ref. 7) showed that these equations 
cou Id _h,,--oh:ta in".d_f'rolll : ! 
(2.13). (2.15) and (2.19): 
z = 
YB 
z = I' ~'G + G "A • ne] dy (2.28) m L y* - y 
m 
YB 
tg • HL] 
YT 
+ G (mA)av dy (2.29) 'm 
y* L - Y 
m 
As Z = 
comparison of (2.23) and (2.24) assuming I1G and IlL are constant 
gives: 
(mA)av 
YT YT (2.26) = 
mA dy dy 
y* 
- Y y* - Y 
YB YB 
HG and HL might not be constant in practice over the range 
This undermines the theoretical justification of this 
method of calculating (mA) 
, av 
In any Case this procedure to ca l-
culate the slope of the equilibrium curve is rather 'tedious. 
9 
2.3. 
As the calculations appearing in this thesis are based upon 
equation (2.21), mA is abbreviated to m in the romainder of this 
thesis. 
Development of the Disc Column 
A scientific approach to the design of packed columns makes it 
necessary to be able to predict value of the individual mass transfer 
coefficients in equations (2.17) and (2.18). On account of the 
difficulty of measuring the effective area, a, in a packed column 
it is difficult to measure experimentally the individual mass transfer 
coefficients kL and kG. This difficulty may be overcome by conducting 
the experimental measurements in a simpler colunm where the surface area 
may be easily measured. 
The simplest apparatus' is the wetted wall column in which the 
liquid medium is made to run down the wall of a vertical tube so as 
to wet the whole surface. Although it is adequate to study vapour 
side mass transfer coefficients, Stephens and Morris (ref. 8) have 
shown that it has serious drawbacks when used to study liquid side 
mass transfer coefficients in packed columns. 
In a packed column the liquid film continually flows over 
junctions between the packing pieces. These discontinuities upset 
the otherwise laminar flow. Wetted wall columns have no such discon-
tinuities and therefore do not adequately represent packed columns. 
Grim1ey (ref. 9) demonstrated that ripples are formed in a liquid 
film,when it flows down a vertical surface~ These occur even though 
the flow is streamline. They consist of regular motions of groups of 
waves passing down the liquid surface in the direction of flow. He 
showed that tho ripples could be suppressed ,by the use of surface active 
agen ts. When a wetted wall column was used to absorb carbon dioxide 
10 
in water, he found that the absorption rate was 2-3 times larger 
when ripples occurred than for similar flow rates when rippling 
was suppressed, Emmert and Pigford (ref, 10) obtained similar 
increases for absorption of carbon'dioxide and oxygen into water 
in a 3,73 ft" 0,99 in, diameter wetted wall column, It was noticed 
that the ripples did not develop immediately but could take several 
inches to develop, 
Stephens and Morris developed an absorption column in which 
the'liquid stream passed over a series of discs arranged in a single 
vertical row, Each disc was positioned at right angles to its 
immediate neighbour, It was possible to wet the whole of the sur-
face of the ceramic discs by etching their surfaces with hydrofluo-
ric acid, Taylor and Roberts (ref, 11) also made a disc column and 
ensured wetting of their ceramic disc by roughening their surface 
with file cuts, Both sets of workers studied absorption 'rates of 
carbon dioxide into water and ammonia into water. Disc columns 
were used for distillation studies by Norman and coworkers (ref, 7), 
and Kurukchi (ref, 12),' 
2,4, Vapour .side Mass Transfer Coefficients 
Vapour side mass transfer coefficients in packed columns 
have been measured using: 
1) the vaporization of volatile liquids 
2) the absorption of highly soluble vapours, 
In the first case there is no resistance to mass transfer in 
the liquid phase, In the second case the resistance is largely 
cone en tra ted in the vapour phase because· of the small slope of the 
equilibrium, curve. 
Kurukchi showed that the second method may be adapted to measure 
vapour"side mass transfer coefficients in a disc colunm fer distill-· 
11 
ation using an appropriate mixture. He showed that the vapour side 
, 
mass transfer coefficient, kG could be calculated from: 
G (2.30) 
where HG is calculated from a rearranged form of equation (2.21) 
He calculated HL using: 
, 
L 
k' P a 
L L 
(2.31) 
(2.32) 
where kL was estimated using a correlation developed by Norman and 
coworkers (ref. 7) for absorption in a disc column: 
(2.33) 
:[urukchi pointed out that this method is justified when the slope 
of the equilibrium curve is small. In such cases the contribution of 
m HL in equation (2.21) is small compared to HG. This means that the' 
effects of any error in equation (2.33) are minimised. 
Kurukchi deve loped the correla tion: 
, 
where kG Cl D 
v 
0.0914 
0.1 
(2.34) 
The explanation given for the low exponent of 0.1 was that mass 
transfer'in the vapour phase is largely by eddy diffusion, and molecular 
diffusion is relatively unimportant. Unfortunately the mixtures used by 
Kurukchi involved a small range of vapour Schmidt Numbers (0.47 - 0.71). 
A review of the literature indicates that a larger exponent might be 
appropriate if a larger range of physi'cal properties were used. 
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Gilliland and Sherwood (ref. 13) studied the vaporization of water 
and several organic liquids into a turbulent air stream in a wetted wall 
column. The results were used to calculate the effective thickness of 
the iaminar layer 'x' in Stefan' 5 diffusion equation: 
= D P(P. - p) V 1 (2.35) 
where PBM = log mean partial pressure difference of inert gas in film 
(ats) 
The mass transfer data were correlated by: 
d 
x 
= 0.023 0 ~ '00 . 83 GilD) 0.44 
v v 
where x is defined by equation (2.35) 
D 0.56 
v 
giving 
(2.36 ) 
Chilton and Colburn (ref. 14) showed from the Reynolds Analogy for 
heat, mass and momentum transfer that mass transfer data might be correlated 
using a mass transfer factor jn 
= f 
2 
= (~) 
v 
(2.37) 
where f = Fanning friction factor. 
They studied the mass transfer rate for water evaporating into a 
turbulent air stream in a 1.04 -in. diameter, 67 in. long wetted wall 
column. It was found that when log jD was plotted against log Rev ' 
the results fell onto a straight line of approximate slope - 0.2. Their 
work indicated tha t I<G a D 0.67 
v 
It may be shown that for diffusion in a stagnant layer of vapour, 
D 1.0 
v 
(ref. 15, P. 444). 
rate of binary systems is: 
= -D v P dy dz 
+ 
13 
The general equation for the mass transfer 
+ 
Distillation can be assumed to be an equimolal counter diffusion 
process in which NA 
= -D V E. z 
= -N B in which case (2,38) reduces to: 
(2,39) 
where Z = thickness of the laminar layer 
= bulk and interfacial concentrations of component A, 
Comparison of equations (2~1) and (2,39) show the relationship kG a D 1,0 
v 
On the otherhand Sherwood and Holloway (ref, 16) showed that the data 
of Mekta and Parekh (ref, 17) could be correlated with kG a a D 0,17 
v ' 
The latter vaporized water, methanol, benzene and toluene into air using 
5 
a 3,6 in, diameter tower p,acked with "8 in, porcelain rings, Surosky 
and Dodge (ref, 18) vaporized water and three organic liquids in their 
tower also packed with Raschig rings, Their liquids gave a 3,7 fold 
range of vapour molecular diffusivities, and their data were correlated 
. k D 0,15 
W1 th G a a v ' 
Houston and Walker (ref, 19) absorbed ammonia, methanol, ethanol 
and acetone giving a range of vapour molecular diffusivities of 0,4 to 
2 2 0,8 ft, /hr, Gas rates were varied from 200 to 600 Ibs/(hr)(ft, ) and 
, 2 
water rates from 500 to 3000 Ibs/(hr)(ft,), They found that for all 
. 2 
gas rates,and liquid rates up to 2000 Ibs/(hr)(ft, ) kG a 
at 3000 Ibs/(hr)(ft,2) kG a was much less dependent on Dv' 
D 26 but 
v 
The correlation of Gilliland and Sherwood (equation 2,36) showed 
that for turbulent conditions 0,83 v , Chilton and Colburn 
(equation 2,37) also obtained a similar relationship for the vapour side 
mass transfer coefficient in wetted wall columns under turbulent conditions, 
Stephens and Morris (ref, 8) absorbed ammonia into water from dilute 
mixtures with air using a disc column, They used a vapour mixture of 3-5% 
ammonia by volume, In this case the ~iquid film resistance is only a 
small contribution to the overall resistance to mass transfer, The liquid 
14 
film resistance was allowed for in their calculations using a correl-
ation obtained in the same column developed from data for the absorption 
of carbon dioxide in water. 
They showed that kG depends on the 0.67 power of the relative 
velocity: (ur=U~?~67(uL)max) ! for values of u
r 
above 3.6 ft/sec. This 
__ u
O
r 
deP/>I). corresponds to a vapour Reynolds Number of 1100 (Re / For 
v 
lower vapour velocities the exponent on the relative velocity is approx-
imately 0.5 (k 0: u 0.5). For relative velocities above 3.6 ft/sec .• G r 
they obtained the correlation: 
= ~(ur ::P0 -0.0 33 (2.40) 
where ~ = 0.093 r 0.13 
o P = density of the diffusing gas. 
D 
The fact of the vapour phase mass transfer coefficient increasing 
with liquid rate was thought to be due to an increase in gas turbulence. 
This turbulence was thought to result from dis turbances caused by the 
liquid running over the junctions. P/PBM is known as the 'drift factor' 
and allows for the enhancement of the mass transfer rate brought about 
by the drift of the main body of the gas towards the vapour/liquid 
interface. (Distillation is a counter equimolal process and this term 
is unnecessary). 
Taylor and Roberts (ref. 11) also noticed that the vapour side mass 
transfer coefficient was related to the liquid rate. They found: 
= 
2 18.5 Ibs/(hr)(ft. )(atm) for r <: 155 Ibs/(hr)(ft) 
= 
5.3 r 0.25 2 Ibs/(hr )(ft. )(atm) for r > 155 1bs/(hr)(ft) 
For flow rates greeter than r ~ l~5 li.>s!(hr)(ft) they observed 
ripples on the rims of the disc and indicated that these were responsible 
for the two equations. 
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Taylor and Roberts also showed that kG a u 0.67 for relative 
r 
velocities between 3.6 and 13 ft./sec. They found that for relative 
velocities less than 3.6 ft./sec., the exponent on the relative 
velocity was reduced, confirming the observations of Stephens and 
Morris. 
Warner (ref.-20) investigated the changes in slope obtained by 
Stephens and Morris when log k was plotted against log u . On G _ r 
account of the analogy between mass and momentum transfer he pointed 
out that pressure drop measurements over the column should reflect 
the changes of slope with mass transfer data. He measured the pressure 
drop in the column for several different gases when the column was 
operated dry. He made similar measurements when the column was 
irrigated with several flow rates of water. In all cases he observed 
2 discontinui ties when log (6p t/ur p) was plotted against log Rev. 
These changes in gas flow characteristics were consistent with changes 
in the vapour side mass transfer coefficients obtained by Roper 
(ref. 21) for evaporation of water into air, and Stephens and Morris 
for absorption of ammonia. 
In a later paper Warner (ref. 22) reported experiments- in a disc 
column on the vaporization of water into counter current streams of 
hydrogen, air, carbon diOXide, dichlorodifluoromethane and also the 
vaporization of n-heptane into air. This involved a range of vapour 
side Schmidt numbers 0.25 - 2.05. He used the gas relative velocity 
in correlating his results. When he plotted jD ( :~ ::M (%-D}lj 
against Rev ( L' :r~ he obtained excellent agreement for Reynolds 
numbers- less than 1000, but at higher Reynolds numbers points for 
IG 
dichlorodifluoromethane fell 40% below his correlating line. It is of 
interest to note that the vapour side Schmidt number for this 
system is much smaller (0.25), than the other systems he investigated. 
A smaller exponent on the Schmidt number would' have given better 
resolution of his results at the higher Reynolds numbers. This is 
in agreement with the earlier observation made in the literature 
survey that the dependence of the vapour side mass transfer coefficient 
upon molecular diffusivity decreases with increasing turbulence. 
It has been shown (ref. 15, Pps. 476, 484) that the Von Karman 
integral equations for mass transfer in the laminar and turbulent 
boundary layer may be solved to give respectively: 
0.(33 
0.0292 Sc 
v 
for 
for 
Re 
x 
Re 
x 
(2.41) 
5 > 5 x 10 
(2.42) 
where kG is the local mass transfer coefficient a distance x from 
the leading edge of a flat plate, assuming that mass transfer is taking 
place from that leading edge. 
The physical situation for which equations (2.41) and (2.42) were 
developed has similarities to that of the disc column.' In the disc 
column a vapour stream passes over the flat faces of the discs, which 
are covered with liquid. Mass transfer across the vapour side is 
through boundary layers, and equations of the form (2.41) and (2.42) 
may be expected to apply. It is of interest to see how well the 
predicted exponent of the Reynolds number in equation (2.42) agrees 
with the exponent of 0.83 obtained by Gilliland and Sherwood (equation 
2.36) for mass transfer into a turbulent vapour stream in a wetted wall 
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column. 
2.5. Liquid Side Mass Transfer Coefficients 
Experimental liquid side mass transfer coefficients have generally 
been obtained by absorbing or desorbing sparingly soluble gases such 
as carbon dioxide oroxyge!)Jn_water.In these cases the slope of the 
equilibrium curve is large and the resistance to mass transfer is 
overwhelmingly concentrated in the liquid phase giving kL 
In these situations the mass transfer process is called liquid film 
con tro lled. 
Kurukchi used this principle in calculating distillation liquid 
side mass transfer coefficients. He obtained his liquid side mass 
transfer coefficients experimentally using systems whose equilibrium 
curves possessed slopes greater than 0.8. In such cases the 
contribution of the term m HL in equation 2.21 was sufficiently large 
with respect to the HOG and allowed HL to be calculated accurately 
from: 
= (2.43) 
m 
where HG was calculated from: 
HG = G 
k' a P G v 
(2.44) 
• correlation: and kG was estimated using his own 
= 0.0914 
d 
(2.34 ) 
• He determined kL from: 
= L (2.45) 
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The correlation he developed was: 
I (-%-) 'I, .(~rJ03 kL -6 
= 7,868 x 10 
DL Pg L L 
(fo) O·'C' p2 1/6 9 g) (~*) 2 
11 
L L 
(2,46 ) 
Kurukchi 's inves tiga tion of liquid side mass transfer coefficients 
was limited to three organic systems, With acqueous systems values 
of 0'* as high as 2,0 may be obtained, The value of 9 for the 
0' 
exponent of 0'* gives rather an unrealistic value of k' . these L 1n 
0' 
cases. Detailed reference to the effect of surface tension phenomena 
reported in the literature is made in Section 2,6 of this thesi3, 
0,5 
Kurukchi's correlation (2,46) shows that k~ a This 
value of the exponeat was chosen because it agreed with the findings 
of several experimental workers in addition to the theoretical predic-
tions of Higbie' s theory (ref, 23), Prior to the advent of Higbie·' s 
theory ~bitrnan's concept of a thin laminar film of fluid was held, 
Mass transfer through this thin film was assumed to be by molecular 
I 
diffusion and this indicated that kL a D 1,0 L Higbie however 
proposed that the principal mechanism of mass transfer involved the 
motion of turbulent eddies· from the interior of the fluid to the 
interface, A short period of unsteady state mass transfer would 
follow before the fluid was displaced from the surface by subsequent 
eddies, The one dimensional unsteady state mass transfer equation is: 
= (2,47 ) 
Higbie solved equation (2,47), treating the eddy as ·being 
'semi-infinite' in depth, This involves the boundary conditions: 
c = t = o 
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i 
c = t>o, z = ° 
c = z = 00 
Integration of (2.47) gives the result that the total amount of 
mass transfer per' unit area in each absorption period of time t is: 
c 
= (2.48 ) 
= (2.49 ) 
I From (2.49) we have:-L-_______ ~~___ - --. ------____ -- ---
, 
k 
L 
= 
;0;:-
2.j~ 
(2.50) 
Danckwerts (ref. 24) pointed out that the exposure time at 
the surface is not likely to be the same for all eddies and proposed 
a distribution function ~(t) such that the fraction'of surface having 
terminal ages'between t and t + dt is ~(t) dt. He proposed: 
~(t) = 
-st 
se 
in which s = fractional rate of renewal. 
Including this correction in lligbie's solution gives: 
= 
, 
Equations (2.50) and (2.51) both indicate that kL a 
(2.51) 
D 0.5 
L 
Toor and Marchello (ref. 25) showed that the film and penetration 
theories could be regarded as being limiting cases of a more general 
model and be regarded as being complementary rather than exclusive. 
They presented two mathematical solutions: 
(1) for eddies staying at the interface a short time in which case 
the solution approximates to the penetration theory, and 
(2)- for eddies remaining for a period sufficient for steady 
state conditions to be established in which case the 
solution approximates' to the Whitman film theory. 
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Behaviour in both packed columns and disc columns can be expected 
to agree with the penetration model as in both cases the liquid film 
flows over a succession of small packing pieces. The discontinuities 
between the packing pieces would give rise to liquid being displaced at 
. the surface after a relatively short contact time. The foregoing dis-
cuss ion gives support to· avoiding long wetted wall columns for measure-
ments of liquid side mass transfer coefficients. In such apparatus, 
the lac], of discontinui ties results in far longer contact times than 
would be obtained in packed columns. Long wetted wall columns would 
therefore indicate that molecular diffusivity is more important than it 
is in packed columns. A review of the literature for experimental work 
on packed columns, short wetted wall columns, disc columns and columns 
consisting of a single vertical row of spheres confirm the relationship 
et D 0.5 L 
Sherwood and Holloway (ref. 26) desorbed carbon dioxide, oxygen 
and hydrogen from water into air using a 20 in. diameter tower with a 
packing height of 8 in. The gas rate was varied from 30 to 1300 Ibs/ 
(hr)(ft2 ) and liquid rate from 200 to 32000 Ibs/(hr)(ft2). For liquid 
rates below loading the data could be correlated by: 
(2.52) 
where et varies from 80 to 550 and n from 0.22 to 0.46 depending upon 
the type and size of the packings used. 
Vivian and King (ref. 27) desorbed five sparingly soluble gases 
from water into air in a packed tower. This represented a range of 
-5 -5 2 liquid phase diffusivities of 1.4 x 10 to 6.3 x 10 cm /sec. They 
found that the liquid side mass transfer coefficient was proportional to 
the square root of the liquid molecular diffusivity. 
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Vivian and Peaceman (ref. 51) absorbed carbon dioxide from water 
and chlorine from dilute hydrochloric acid using short wetted wall 
columns (1.9 to 4.3 cms. long). Rippling wa's absent because of the 
shortness of the column. They also found that the liquid side mass 
, transfer coefficient was proportional to the square root of the dif-
fusivity. 
Van Krevelen and Hoftijzer (ref. 28) suggested a correlation of 
the form: 
= (2.53) 
The exponent of 1/3 on the Schrnidt number was based upon the work 
of Chilton and Colburn (ref. 14). This latter work was based upon 
Reynolds analogy and i's applicable for turbulent flow. It is generally 
believed that the liquid flows as a laminar film over the packing pieces. 
The form of the correlation is of interest however, as the 
Sherwood number includes &, the thickness of the liquid film. This is 
calculated using NUsselts' equation for streamline flow on a vertical 
plate: 
a = (;~f = L<4(~f (;:~):i' , (2.54) 
Substi tuting for ~ in equation (2.53) gives: 
(2.55) 
= 
Van Krevelen and Hoftijzer were able to correlate the experimental 
data of Sherwood and Holloway using an equation of the same form as 
(2.55): 
= (2.56) 
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Onda and Sada (ref. 29) absorbed carbon dioxide and hydrogen 
into water using a column packed with Raschig rings. 
( 
their correlation upon the depth of the liquid film. 
They also based 
Cross plots of 
Sherwood number against Reynolds number at constant Schmidt number and 
cross plots of Sherwood number against Schmidt number at constant 
Reynolds number suggested a correlation of the form: 
= 
ex (~) 1/2 ( L) 1/2 
at'" pD 
. L L 
(2.57) 
where at = wetted surface area per unit volume of packing. 
They correlated their own data and the data of other workers for 
absorption and desorption of carbon dioxide with a deviation of + 20% 
with ex = 0.013. 
The exponents on the Reynolds number and Schmidt number are 
identical and the two terms may therefore be replaced by a single term 
The product of Reynolds number and Schmidt number is the 
mass transfer Peclet number. The physical significance (ref. 32) of 
the mass transfer Peclet number is the ratio: 
bulk mass transfer 
diffusive mass transfer 
Shulman and coworkers (ref. 30) showed that if the liquid film 
data for random packings were corrected for the effective wetted area 
the results could be correlated by: 
= (2.58) 
which again shows the similarity of the exponents on the Reynolds 
number and Schmidt number. 
Norman and Sammak (ref. 31) absorbed sulphur dioxide in water, 
and carbon dioxide in several organic liquids using a packed column 
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consisting of a single vertical row of square shaped graphite elements 
suspended on a nylon thread. They correlated their results by the 
equation: 
= ( 
1/2 (3 ~1/6 0.13~) ~ 
'pD 2 (2.59) L fl 
L 
where h = height of a packing element 
The results correlated with a maximum deviation of 38%. The 
Schmidt number ranged from 108 to 43500, and the correlation again 
shows a D 0.5 L 
They suspected that mixing of the liquid streamlines between 
their packing elements was incomplete and therefore repeated' the 
experiments on absorption of carbon dioxide into organic liquids. 
time, however, they allowed a space of 1 cm. between each element. 
Their results under these conditions were correlated with a maximum 
deviation of 10% using the equation~ 
h 
This 
= ( 
3 2)1/ 6 ( 0.47 h g P 4r) 
2 fl (2.60) 
fl L L 
, 
In addition to confirming the relationship kL a D 0.5 equation L ' 
(2.60) again indicates that the Reynolds number and Schmidt number could 
be combined to give the mass transfer Peclet number. 
Norman and coworkers (ref. 7) in a later paper described how they 
absorbed carbon dioxide and isobutanol in water using a disc column. 
TheY,obtained the following correlation for the liquid side mass trans-
fer coefficient: 
"(;~r 'c'·'! ~~) '" (2.61) = 
Besides confirming that I:L ,a DL 0.5 in a disc column, the 
correlation indicated that This compares to the 
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relationship kL a r 1.03 obtained by Kurukchi. Earlier work for 
absorption in a disc column confirms the value of 0.7. 
Stephens and Morris (ref. 8) absorbed carbon dioxide into water 
at 200 C with liquid rates varying between r = 60 and r = 400 lbs/~hr)(ft). 
They experimented with two columns of ceramic discs. One column had 
40 discs and the other 20. The two sets of results were similar so end 
effects were assumed to be negligible. Furthermore as the liquid side 
mass transfer coefficients were "independent of the height of the column, 
complete mixing could be assumed between the discs. Complete wetting 
of the discs was attained by etching the discs 'with hydrofluoric acid. 
Their results were correlated by: 
= 0.048ro. 7 ft/hr (2.62) 
They also absorbed chlorine i8to ferric chloride solution. 
, 
Plots of kL against .c showed a discontinuity at [ = 16. The results 
showed: 
, 
kL 
and 
, 
kL 
a (5) 0.7 
a (5) 0.5 
~ ~ 
for C. > 16 
~ 
for C. < 16 
~ 
Taylor and Roberts (ref.ll) also conducted carbon dioxide absorp-
tion experiments in their disc column packed with ceramic discs. They 
used discs which were smooth as well as discs which had been roughened 
with file cuts to ensure wetting. Both sets of results were consistent 
and showed a transition point at a liquid rate of 155 lbs/(hr)(ft). 
The results could be correlated by the lines: 
and 
= 
0.124 rO. 4 
1.0 
0.0056 r 
for r(155 Ibs/(hr) (ft) 
forr >155 lbs/(hr) (ft) 
(2.63) 
(2.64) 
Roper (ref. 21) absorbed chlorine from a mixture with air into 
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carbon tetrachloride using a disc column. His data were correlated 
with a 10% standard deviation, and showed: 
= (2.65) 
Lynn and coworkers (ref. 33) introduced a column consisting of a 
row of spheres and used it to absorb sulphur dioxide in water. They 
found that the mass transfer rate was proportional to the cube root of 
the liquid rate. Yoshida and Koyanagi (ref. 34) working on a similar 
column absorbed carbon dioxide in met.hanol and water and correlated 
their results by: 
= 
0.5 
c [Re. se] L (2.66) 
where c is a constant depending upon the number of spheres in 
the column and their diameter. 
The author of this thesis also studied the absorption of carbon 
dioxide into water using a column of glass spheres and found that the 
f ff · . rO. 65 liquid mass trans er coe iClent was proportlonal to (re!. 35). 
2.6. Surface Tension Effects 
The surface tension' of a liquid mixture is a function of the com-
pOSition of the mixture and the temperature of the liquid. Normally 
the temperature in a distillation column increases towards its base. 
Furthermore there is usually a chan,ge in composi tion in the column. 
Zuiderweg and.Harmens (ref. 36) pointed out that the surface tension of 
the liquid stream in the column is therefore likely to undergo changes 
as it passes down the column. They classified binary mixtures into 
three different classes:-
1) surface tension positive the liquid surface tension increases 
down the column. 
2) surface tension negative the liquid surface tension decreases 
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~ 
t 
down the column. 
3) surface tension neutral the components have indentical surface 
tensions, or the relative volatility of 
the system is low and any local surface 
tension gradients are small. 
Danckwerts and coauthors (ref. 37) described positive systems by 
~~ <: 0 and negative systems by ~~ ~O, where x is the concentration of 
t~e more volatile component . In addition to the confusion of signs, 
.this classification is inadequate for systems involving azeotropes. 
Zuiderweg and Harmens pointed out that a system may behave as a negative 
mixture on one side of the azeotrope and positive on the other. The 
d(J' 
terminology -- does not of itself take this into account. dx 
Moens (ref. 38) overcame this problem by introducing the stabilizing 
index, S where S = d(J' * dx (x - x ). * The term (x - x ) is the maximum 
local concentration difference in the liquid expressed in terms of the 
more volatile component. * Normally (x - x ) is positive, but with 
azeotropic systems it is negative for mixtures richer in the more volatile 
component than the azeotrope mixture. The stabilising index has the 
same sign as the classification of Zuiderweg and Harmens. 
Zuiderweg and Harmens classified distillation equipment into two 
types. In the first type the interfacial area for mass transfer is 
obtained by spreading a liquid film over an existing solid surface 
(supported interfacial area). In the second type of equipment one 
phase is dispersed in the second phase. Examples of the first type 
are packed columns and various types of wetted wall columns. Examples 
of the second type are various kinds of tray columns when vapour/liquid 
contact is achi8ved 1:;y bub!Jling t!:ts vapour through the liquid phase. 
In the case of the supported surface area type of equipment, 
negative mixtures gave poor separation. Values of H.E.T.P with negative 
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mixtures in packed columns were found to be as much as twice the value of 
those obtained with pOSitive systems. When wetted wall columns were 
used for the distillation of negative mixtures it was observed that the 
liquid film broke up into narrow rivulets. On the otherhand wetting with 
positive mixtures was almost complete. It was deduced that poor separ-
"ation for negative mixtures was a consequence of the poor wetting chara-
cteristics. 
They explained the poor wetting in terms of the 'Maragnoni effect'. 
(Liquid surfaces of high interfacial tension contract when contacted 
with a surface of lower surface tension). Liquid films descending in 
a packed column are of an uneven thickness. Thin portions of the liquid 
film become more saturated with the less volatile component than the 
remainder of the film. In negative mi~turGs the les3 volatile compon-
ent has the lower surface tension. The thin portions develop a low 
surface tension compared to the rest of the film and the film is rup-
tured by the Maragnoni effect and' forms rivulets. 
The Oldershaw column is an example of the tray type of column. 
Zuiderweg and Harmens found that the negative and neutral systems which 
they investigated gave tray efficiencies of between 50 and 55%. The 
positive systems they investigated gave efficiences of up to 90%. 
Ellis and Bennet (ref. 39) had similar results and both sets of workers 
noticed severe foaming with positive systems. The cause of the foam 
given by both sets of workers was that the bubbles on the trays are 
rendered more stable in positive systems. As the bubbles of vapour 
rise through the liquid on the trays, weak spots develop between the 
bubbles. During mass transfer the weak spots between the bubbles 
·become relatively saturated with the less volatile component compared 
to. the rest of the liquid surrounding the bubbles. For positive 
systems the surface tension at these weak spots is raised locally. The 
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liquid is drawn into the areas of high surface tension and the weak 
spots are reinforced and the bubbles are stabilised. 
Bond and Donald (ref. 40) studied the absorption of ammonia into 
water from mixtures of ammonia and air. They used a wetted wall column. 
The minimum wetting rate required to maintain a complete film on the wall 
.surface was measured for different inlet gas concentrations and various 
inlet liquid temperatures. The minimum wetting rate (M.W.R) was found 
to·increas~ as t~e concentrations of ammonia in the gas increased and 
decreased as the temperature of the inlet liquid was increased. 
They explained that during absorption thin parts of the liquid 
film attain a higher concentration of ammonia. Dissolved ammonia 
reduces the surface tension of water and therefore the thin parts of the 
liquid assume a lower surface tension. Furthermore the heat of solution 
also tends to raise the temperature of the thin parts of the liquid film 
above the remainder of the film. This heating effect also tends to make 
the surface tension of the thin parts of the film lower than the remain-
der. Maragnoni forces then effect the rupture of the film. 
Bond and Donald showed that the factor 6crwas important in deter-
mining the M.W.R. 6cr was defined as the surface tension of the liquid 
in equilibrium with the vapour, minus the surface tension of the bulk 
liquid at that point. 
Norman and Binns (ref. 41) studied the effects of the physical 
properties of the liquid, and in particular surface tension, on the M.W.R 
in distillation columns. They distilled n-propanol and water mixtures 
using a wetted rod column. This system has an azeotrope at 0.43 mole 
fraction n-propanol. For concentrations lower than this according to 
the definition of Zui<i::>r'Ncg sr.d H3.rmens it is positive, and for higher 
co.ncentrations it is negative. They found that at the lower concent-
rations of n-propanol the film was relatively stable and the M.W.Rs were 
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very low. When the film did break down it broke down to give droplets 
of condensate on the rod. On the other side of the azeotrope tho M.W.Rs 
were high and there was a sharp contrast between the liquid stream and 
the 'dry' rod surface where the film ruptured. 
3 The M.W.n for pure water was 0.057 cm /(sec)(cm) but with only 
.slight n-propanol concentrations it fell to a very small value and was 
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constant at 0.005 cm /(sec) (cm) for concentrations of n-propanol between 
.05 and .25 mole fraction. 3 Th<! M.W.n then rose to 0.03 cm (sec)(cm) at 
the.azeotrope. On the other side of the azeotrope there was a rapid 
increase in M.W.R and between 0.67 and 0.89 mole fraction of n-propanol 
it proved impossible to provide a stable film. The minimum and maximum 
values of the M.W.R coincided with the maximum driving force, 1/ -y I 
on the equilibrium curve. 
They found that the M,W.R depended upon the surface tension and 6(J 
according to: 
= 
-6 1.2 x 10 -8 1.76 x 10 (J. 60 
where q = minimum ~etting rate cm3/(sec)(cm) 
and all other units are in c.g.s 
(2.67) 
Only the runs where the values of (J.~were between 0 and - 500 
2 (dynes/cm) were included. The positive region runs were not included 
because the M.W.Rs were. too low to be measured accurately. 
Ponter and coworkers (ref. 42) showed that the ~{.W.Rs were closely 
connected to the angle of contact of the liquid mixture upon the packing 
material. They measured M.w.ns in a disc column using 21 graphite discs 
r M 
~ 
(where and recorded the results in the form of against composition. 
= M.W.R). They did this first of all for distillation under total 
reflux. They also plotted the angle of contact under total reflux dis-
tillation against composition. The two curves showed remarKably similar 
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characteristics. They then repeated the experiments running the disc 
column under equilibrium conditions. The angle of contact was measured 
r M 
under equilibrium conditions. Again plots of against composition 
~ 
and angle of contact against compOSition showed very similar character-
istics. They studied the systems methanol/water and n-propanol/water. 
The contact angles were measured by employing the sessile drop 
technique (ref. 43). A travelling microscope fitted with a goniometric 
eyepiece was used to measure the angle the sessile drop made with the 
horizontal sample plate which supported it. contact angles measured 
under total reflux conditions, were obtained by supporting the sample 
plate within a wetted wall column. The liquid for the sessile drop was 
removed from the wall of the column and passed through glass tubing to 
the sample plate. The sample plate was positioned at the same height in 
the column as point at which the liquid sample was withdrawn. This en-
sured that the liquid on the sample plate was of the same composition as 
the liquid in the film on the wall. Contact angles under equilibrium 
conditions were meas~red by maintaining the sessile drop within an equil-
ibrium still above the liquid being distilled. 
They measured contact angles under equilibrium conditions for 
methanol/water and n-propanol/water on five different surfaces. Those 
were graphite, copper, stainless steel, chromium plated brass and PTFE; 
The lowest contact angles 'were consistently found on the graphite surface, 
and the highest on PTFE. (ref. 42) 
On measuring the contact angles for negative systems under total 
reflux conditions Boyes and Ponter observed a considerable amount of 
agitation in the sessile drop (ref. 43). At some concentrations this 
was sufficiently violent for small droplets to be ejected. For all 
positive systems the drop appeared immobile. They commented that this 
agitation in'the liquid ph~se could give rise to high distillation 
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efficiencies with negative systems. 
In another paper Boyes and Ponter (ref. 44) proposed a mechanism 
for droplet separation in negative systems. They considered a 'necking' 
stage in droplet formation. just prior to its detatchment. It was 
pointed out that the thin neck of liquid will tend to approach equil-
.ibrium with the surrounding vapour quickly because of its small capacity. 
With negative systems the neck assumeS a low surface tension compared 
with the 'head' and the neck ruptures, ejecting the droplet. Wi th pos-
1tive systems the neck assumes a higher surface tension and the Maragnoni 
effect counteracts the rupture of the neck. 
However no satisfactory explanation was given as to why violent 
behaviour should occur on the flat plate of the column used for measuring 
contact angles. 
Similar behaviour was noticed in liquid/liquid systems (refs. 45, 
46). The earliest observations on the behaviour of the liquid/gas 
interface are reported in references 47, 48 and 49. 
Ellis and Biddulph (ref. 50) performed quantitative experiments on 
this interfacial turbulance. They conducted absorption and desorption 
experiments with methanol and acetone in water, using a wide range of 
mass transfer driving forces. The driving force was expressed in terms 
of the partial pressure of the vapour in a mixture with air and the 
partial pressure of the. vapour at the liquid/vapour interface. The 
apparatus used was a cell three inches square in cross section and 21 in. 
long with windows at the side and a capacitance probe fitted from the 
top. The liquid ran in laminar flow along the cell. For absorption of 
methanol or acetone, they found that rippling occurred, but not for 
desorption. The absorption experiments were equivalent to surface 
tension negative conditions and desorption experiments equivalent to 
surface t~nsion positive conditions. They measured the amplitude of 
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the ripples using the capacitance probe. The amplitude of the ripples 
gradually increased with increasing partial pressure driving forces 
until a critical driving force was reached. At this pOint the turb-
ulence became very severe and the ripple amplitude increased very 
markedly. The critical driving force was 170 mms. Hg. for acetone/ 
water and 205 mms. Hg. for methanol/water. 
corded had an amplitude of about 0.2 mms. 
The largest ripples re-
The mechanism they suggest"ed was that local high mass transfer 
rates cause local points of low surface tension on the surface of the 
liquid. Maragnoni forces result in expansion of these low surface 
tension areas. If expansion takes place sufficiently violently an 
area of bulk liquid of high surface tension is likely to be exposed at 
the centre of the low surface tension liquid. This causes the outward 
motion of the liquid to be arrested and reversed and creates a large 
ripple. 
They commented that mass transfer driving forces encountered in 
distillation columns are unlikely to be sufficiently large to"allow 
this mechanism to take place. However it may occur in some absorption 
columns when extreme conditions are met. 
Danckwerts (ref. 37) proposed that surface tension gradients 
would affect the rate of surface renewal in packed distillation columns. 
He pointed out that in a surface tension positive system bulk liquid 
has a lower surface tension than the liquid at the interface. An eddy 
arriving at the surface would therefore introduce unbalanced surface 
tension forces; the liquid of lower surface tension would spread across 
the interface and cause convection currents which would reinforce the 
normal surface renewal mechanism. This would increase the liquid side 
mass transfer coefficient. He suggested that the intensity of the 
effect would depend upon the magnitude of the concentration driving 
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force. With negative mixtures, liquid brought to the surface from the 
interior would have a higher surface tension than the rest of the sur-
face. The resulting surface tension forces would tend to prevent the 
liquid eddy from spreading over the surface and renewing it. 
Ellis and Biddulph (ref. 52) constructed a second cell three inches 
'square in cross section and 21 in. long. This was fitted with side and 
top windows. Liquid could pass through it countercurrently to a vapour 
stream and the liquid depth held at 0.5 in. using an outlet weir. A 
hypodermic needle was mounted at the base of the cell and was used to 
project dyed liquid towards the interface. This was used to simulate 
eddies arriving at the surface. The 'eddy' consisted of dyed liquid 
and could be photographed using a 16 mm. cine camera. 
Positive systems were studied by desorbing methanol or acetone 
from their solution in water to a stream of air. A dyed eddy with the 
same concentration of water as the original liquid was injected towards 
the surface. The camera, operating at 64 frames/sec. recorded a rapid 
spreading of the eddy over the interface. 
When water was placed in the cell and dry air was passed over the 
surface, an 'eddy' of dyed water failed to spread over the surface. This 
was representative of neutral solutions. 
For absorption of acetone or methanol, from a mixture with air into 
water, similar techniques showed no spreading over the surface. In fact 
repulsion of the 'eddy' was observed. 
presented negative systems. 
The absorption experiments re-
Unfortunately the experimental technique involves the use of a dye. 
It is likely that the dye would affect the surface tension of the eddy 
as it reaches the surface. Ellis and Biddulph did not indicate if they 
made any attempt to propel the eddies toward the surface with reproduc-
'ible eddy velocities. 
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Ellis and Biddulph (ref. 52) also constructed a pool column con-
sisting of a series of closed cylindrical glass cells, 2 in. in dia-
meter and 1.25 in. high. The cells were pos'i tioned vertically above 
each other and separated by asbestos discs. The pool column has a 
constant surface area and makes it possible to measure mass transfer 
coefficients independently of area. They distilled two binary organic 
mixtures - methylcyclohexane/toluene (surface tension positive system) 
and benzene/methylcyclohexane (s'urface tension negative system). Al-
though possessing very similar physical properties, the positive system 
gave 25% higher distillation efficiencies than the negative system. 
This was consistent with their experimental results using artificial 
eddies. The above discussion may be summarized: 
When an eddy of lower surface tension reaches the interface of 
higher surface tension, the eddy spreads over the surface. This en-
hances the surface renewal process. On the other hand when an eddy of 
higher surface tension reaches the interface of lower surface tension, it 
is repulsed by it. This hinders the surface renewal process. 
Brian and coworkers (reI. 53) also investigated the effect of 
Maragnoni forces on the liquid side mass transfer coefficient. In one 
set of experiments they desorbed methyl chloride, ethyl ether, trimeth-
ylamine and acetone from water into air using a short wetted wall column 
of height 4.91 ems. All four solutes have a lower surface tension than 
water and therefore the desorption experiments were equivalent to positive 
conditions. The experimental results showed that the desorption rate 
could be increased 3.6 fold by increasing the concentration of solute. 
They suspected that the increase was due to surface tension gradients 
being set up at the interface due to mass transfer. 
This suspicion was tested by a second set of experiments using a 
tracer technique. Propylene is only slightly soluble in water and is 
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therefore suitable for studying liquid side mass transfer coefficients. 
The rate of propylene desorption from water into an air stream was 
first measured. This was compared to the rate of propylene being 
desorbed from water simultaneously with each of the 4 solutes. The 
. desorption rate was found to be greater in the presence of the 4 solutes 
and increased with their concentration. It was concluded that surface 
tension gradients set up at the surface gave rise to cellular flow 
patterns. These convection cells raised the surface renewal rate, thus 
providing an extra mechanism for bringing propylene to the surface.' 
They defined a mass transfer enhancement factor, ~L = 
where kL = liquid side mass transfer coefficient when 
cellular convection occurred. 
= liquid side mass transfer coefficient in 
absence of cellular convection. 
A series of straight lines could be obtained when log ~L was plotted 
against log Ma, where Ma is the Maragnoni number: 
Ma '= 
ilL 
- er 
k * L 
(2.68) 
The Maragnoni numbers at which rfiL = 1.0 were regarded as the critical 
Maragnoni numbers, below which it was assumed that cellular convection 
was not set up. The critical Maragnoni numbers were dependent upon the 
liquid mixture being investigated and varied between 102 and 4 x 104 . 
Moens and Bos (ref. 54) from their experiments on a pool column 
showed the connection between the Maragnoni effect and the flow of the 
liquid. They pointed out that the concentration of the less volatile 
component, in the liquid increased continuously as the liquid passed over 
the surface of the pool column. With positive mixtures the surface 
tension of the liquid would also iricrease, and the surface tension 
gradient set up would accelerate the liquid at the surface. This would 
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decrease the exposure time of an element of liquid at the surface, and 
consequently increase the liquid side mass transfer coefficient (see 
equation 2.50). In negative mixtures, the surface tension of the 
liquid would decrease as it ,became richer in the less volatile liquid. 
The surface tension gradient set up would oppose the flow of liquid at 
·the surface. This would increase the exposure time of an element of 
liquid at the surface, and consequently decrease the liquid side mass 
transfer coefficient (equation 2.50). 
They concluded that this mechanism would also be likely to effect 
the mass transfer coefficients in packed columns. 
* Kurukchi included the group g to account for the effect of 
* Maragnoni forces. For positive solutions g > 1. His correlation 
(equation 2.46) therefore indicates that positive mI;,:tures give higher 
liquid Bide mass transfer coefficients than negative mixtures. This 
finding is consistent with the work of Danckwerts. Ellis and Biddulph. 
Brian and coworkers, and Moens and Bos. It does however, contrast 
with the experimental observation of Ponter who noticed turbulence and 
even droplet ejection with negative mixtures. 
Kurukchi observed that negative mixtures gave rise to an exaggerated 
thickening of the liquid at the centre of the flat faces of the discs, 
yet leaving the discs totally wetted. The explanation he gave was 
based upon the Maragnoni effect: 
Liquid moving down the centre of each face flows with greater 
velocity and depth then liquid nearer the rims due to simple hydrody-
namics. As a consequence for anyone height on the disc surface, the 
liquid nearer the rims tends to become more saturated with the less 
volatile component than at the centre. With a negative mixture, the 
less volatile component has the smallest surface tension. This means 
that the liquid nearer the rims of the disc has a lower surface tension 
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than the liquid at the centre of the disc face. As a consequence the 
liquid is drawn in towards the centre of the disc face leaving only a 
thin film covering the outer areas. 
2.7. Thermal Effects 
Danckwerts (ref. 37) pointed out that at any level of a distil-
-lation column under total reflux, the bulk compositions of the liquid 
and vapour phases are identical. However the temperature of the vapour 
(dew point) is higher than the temperature of the liquid (boiling point). 
Furthermore thermal diffusivities in the liquid are higher than mole-
cular mass diffusivities. As a result considerable superheating may 
occur just beneath the interface. The superheating would be increased 
for cases when the difference between the dew point and the boiling point 
is large. Superheating may lead to boiling beneath the surface of the 
liquid, or flashing when superheated liquid is brought to the surface. 
This phenomenori~known as 'thermal distillation' would be expected to 
increase the mass transfer rates in distillation columns. 
Sawistowski (ref. 55) attempted to experimentally study the effect 
of thermal distillation on plate efficiencies in a sieve tray column 
using the system methylcyclohexane/toluene. At 0.5 mole fraction com-
position the difference between the dew point and the boiling point is 
0.9 0 C for this system. o He raised -the temperature of the vapour 4 C 
by passing it through a copper gauze superheater prior to entering the 
test plate. The resulting change in heat flux between vapour and 
liquid produced no corresponding increase in plate efficiency. 
On account of the liquid having a lower temperature than the 
vapour at the same level in a distillation column, Danckwerts (ref. 37) 
pointed out the possitility 0;: 11 layer of condensate forming on the 
surface of the liquid. For distillation of a binary mixture, conden-
sation of vapour of interfacial composition y. would produce condensate 
~ 
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of composition X., 
1 
Liquid of composition x. would be richer in the 
1 
less volatile component than the bulk liquid. 
Danckwerts (ref. 37) also pointed out that packed columns are 
wetted more efficiently during distillation than absorption. The 
reason suggested was that liquid being colder than vapour at the same 
·level tends to keep the packing colder than the vapour. The packing 
would then cause condensation on any dry spots. The effectiveness of 
this condensation process depends on the temperature difference between 
the two streams and the thermal conductivity of the packing material. 
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DISCUSSION 
OF EXPERIMENTAL WORK 
3.1' Description of Disc Column 
The multidisc column used to obtain the experimental data 
reported in table 3.1 of this thesis consisted of a vertical 
row of 19 stainless steel discs (diameter 0.5732 ins., thickness 
0.1674 ins.) held at right angles to each other. The discs were 
centrally drilled and tapped so as to be held in position by 
being screwed into a stainless steel 6BA stud, which had previously 
been wound with PTFE tape. As each disc was screwed into position, 
the PTFE tape became more tightly packed and this enabled each 
disc to be fil~ly supported at right angles to its neighbour. A 
I" 
stainless steel locking cap (!" long x 8" diameter) was screwed 
onto each end of this assembly. Each cap'had a hole drilled 
through the end, through which the wire supporting this whole 
assembly was threaded. 
The disc assembly was held tightly and centrally in a 
vertical 12" long, I" inside diameter Q.V.F. glass tube. Liquid 
reflux entered the column through a vertical glass jet, which 
directed the liquid onto the bevelled top surface of the locking 
cap at the top of the disc assembly. After running over the surface 
of the discs, the liquid left the column through a central take-off 
tube. The wire supporting the disc assembly was led to an adjustiryg 
device at the top of the column through the liquid directing jet, 
and at the bottom through the take off point. Besides being used 
tO'keep the wire taut, the adjusting device was used to position 
the disc assembly so as to prevent splashing at the top of the 
column. The distance of the jet to the top disc was about ~". 
A scale drawing of the disc assembly is shown in Fig. 3.1. 
40 
/1 
1f--YT--fJftt-1 ID 
\\ 
41 
FIGC3.n 
DISC COLUMN 
10 $CA,LE 
<D UOOD OU1LET 
o VAPCUR INLET 
C) VAPJJR OJTlET 
@ LIQUID INLET 
@STAN...ESS STEEL DISCS 
~ CQUMN HE~TER 
(j) THEf\MQ\,1ETER 
® ADJUSTiNG DEVICE 
® LIQUID SAIv'PLE 
/ : 
Plate 3.1 Disc Column 
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. Fig. ( 3.2) Line Diagram of Disc Column 
1. Test section with hot 7. Variacs. 
air insulation. 8. Wattmeter. 
2. Reboiler. 9. Graduated tubes. 
3. Condensers. 10. Thermometers. 
4. Silica gel driers. 
Hea ting tape 
5. Vents. = insulation. 
6. Sampling points. 
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The vapour fed to the column was produced from a 10 litre 
flask fitted with a 240V/3KW electric immersion heater, This 
reboiler was lagged with glass wool and protected from accidental 
damage by a wooden box, The vapour was led to the column through 
5" 
. 8" QVF glass tubing wrapped \Vi th isotape and lagged with glass 
wool to prevent condensation, 
Condensation was prevented from ferming a film on the glass 
wall of the actual column by surrounding the whole column in a 
perspex box (5" square cross section) fitted wi th two heaters and 
thermometer to provide a controlled thermal jacket, It was possible 
to observe the behaviour of the column satisfactorily through this 
arrangemen t, 
5~' 
Vapour leaving the column was led away through 8" QVF tubing, 
heated similarly to that described earlier, to a 2" diameter, 2ft, 
long QVF water condenser, A thermometer was posi tioned in each of 
the two vapour lines described to ensure tha t the vapours were 
held above their dew.points, 
It is important that the liquid reflux returned to the column 
should be at its boiling point, This was ensured by heating the 
reflux return line with isotape, Any vapour produced was condensed 
with a second condenser. The thermometer in the reflux return line J 
close to the column, indicated the· temperature of the reflux, 
The liquid leaving the column on its return to the still was 
led through a graduated tube, at the base of which was a PTFE/glass 
two way tap, This enabled the flow rate of the liquid to be 
measured, by timing it to fill a known volume of up to 40 ccs when 
the tap was closed, 
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The line diagram of the whole apparatus is shown in Fig. 3.2., 
and photograph in Plate 3.1, 
The power input for the immersion heater of the reboiler was 
controlled using a thyristor* solid state power controller with 
the aid of a wattmeter. Variac controllers were used to regulate 
.the power input to the isotapes and to the thermal jacket heaters. 
An Electrothermal thyristor Power Controller was used to facilitate 
the control of the isotape on the vapour inlet line to the column. 
Sampling points were provided in the vapour inlet and outlet 
streams and liquid inlet and outlet streams of the column. Provision 
was made for cooling the samples at these points by leading the 
sample through condensers/coolers cooled with either cold running 
water or melting ice. 
The distillation column was also provided with a facility 
for running under partial reflux conditions, but this was not used 
in this project as all runs were conducted wi th total reflux. 
*silicon controlled rectifier 
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3,2 Characteristic Dimensions of the Disc Column 
The characteristic dimensions of the disc column derived 
and measured by Kurukchi are:-
Number of stainless discs (N) = 19 
Average diameter of discs (d) = 0.0478 ft, = 0,574 ins 
(:!: 0,001 in,) 
Average thickness of discs (s) = 0.01396 ft, = 0,1676 ins 
(+ 0,001 in,) 
Average length of each disc with cuttings for 
resting successive discs (c) = 0,0460 ft, 
Total height of disc column 
packing, Z = N,c, = 0.875 ft. 
2 An area of s at both top and bottom of each disc is unavailable 
for wetting on account of the contact between adjacent discs, 
= 
= 
= 
= 
surface area of each disc available for wetting 
2 2,rrd 
4 
+ rrds 
total surface area available for wetting 
+ rrds 
19 G- ' (0,0478)2 + rr , (0,0478)(0,01396) - 2(O,01396)J 
2 
0,1005 ft, 
The column shell consists of a 1 in. inside diameter Q,V,F, 
glass pipe 
= 
Cross sectional area of the column, A 
2 0,005455 ft, 
= 
Volume of the column = Z.A, = 0,875 x 0,00545 
= 0,004772 ft,3 
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Specific surface area for mass transfer, a = 
total surface area of discs covered with liquid 
total volume of the column 
Assuming complete wetting of discs, a = 0,1005 
0,004772 
2 3 
= 21.06 ft. 1ft. 
The mean perimeter used in calcula ting r , the mass flow 
rate per unit width of surface, is calculated by considering a 
rectangular parallelepiped having the same volume, height and 
thickness as the disc, but width (w) 
d,s.w. = 
, . , w = 
II 
'4 
II d 
4 
2 d ,s 
mean perimeter of disc = 
= 
= 
= 
2w + 2s 
2 :n:d + 2s 
4 
:n: (0,0478) + 2(0,01396) 
2 
0,103 ft, 
The average cross sectional area for gas flow is calculated 
by considering the discs to be equivalent to a cylindrical rod 
occupying the same length and volume, 
Cross sectional area of cylinder representing the packing 
= total volume of 19 discs 
length of disc column 
= N, II ~2s / Z 
= 19 .:n: (0,0478)2, (0,01396) 
4 0,875 
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2 
= 0.0005435 ft. 
cross sectional area available for gas flow = total cross sect-
ional area of the column shell - area representing the packing 
= 0.005455 - 0.0005435 
2 
= 0.004915 ft. 
·As in annular flow for heat transfer, the vapour Reynold's number 
is calculated on the basis of the hydraulic mean diameter. 
hydraulic radius, rh area available for gas flow 
perimeter of area used for gas flow 
The method used for calculating the gas flowl:per~mete::-_is th~i 
'I,same as in re'fere~c~~ (8,11,1:2) i 
, ------- -. - - ----_.-. - - - _.---
gas flow perimeter = mean perimeter of a disc + inside 
circumference of the glass column 
= 0.103 + ,r 1 
12 
= 0.3649 ft. 
hydraulic radius, rh = 0.004915 
0.3649 
= 0.0135 ft. 
hydraulic mean diameter for gas flow = 4 rh 
= 4 x 0.0135 
= 0.054 ft. 
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3.3 Experimental Procedure with Disc Column 
After carefully drying the inside of the equipment by 
blowing hot air through it for 48 hrs. the still was charged with 
about 8L. of the binary mixture to be distilled, water was circulated 
through the large condensers at the top of the column and the iso-
tape and column jacket heaters were switched on. The immersion 
heater was turned on so as to make full use of its 3KW capacity 
in bringing the liquid quickly to its boiling point. 
When the liquid reached the boiling point, the heat supply to 
the reboiler was reduced so as to give the required flow rate, but 
the other heaters were allowed to raise the temperature to above 
the dew point so as to remove pools of liquid which tend to collect 
in the apparatus during start-up in the cooler par~s of the vapour 
line. When . the wall of the actual column was seen to be dry and 
any stray splashes falling upon it were quickly dried up, the jacket 
temperature and vapour inlet temperature were gradually reduced until 
vapour was just at the point of condensing on the column wall. This 
was the operating condition used in the experimental runs conducted 
in this project and was assumed to correspond to the dew point of 
the vapour. 
The distillation column was allowed to run for a period of 
about 3 hrs. to reach equilibrium; during which time frequent checks 
were made on· the temperature in the column and the heat input to 
the reboiler in order to ensure constant operating conditions. 
Towards the end of the operating period the boil up rate was 
measured by timing the liquid leaving the bottom of the column to 
fill 40 ccs of the graduated tube provided for this purpose. As it 
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was assumed that this action would upset the equilibrium in the 
column slightly, the apparatus was run for a further half hour 
before any samples for composi tion analysis were taken, 
Withdrawing samples has the tendency of upsetting the equili-
brium in the column, For this reason it was considered important 
to remove the samples in 5uchan order so that this tendency is 
minimised, The order used was 
liquid inlet, vapour inlet, 
liquid outlet, vapour outlet, 
As there is a tendency for stagnant liquid to collect on the 
sample point tubes above the tap, up to 5 ccs of liquid from each 
sampling point were always discarded before the actual sample was 
collected,. In each case about 5 ccs of liquid were collected 
from each sample point for every experimental run, 
Recognising that there is a tendency for the liquid to 
vaPorize, led to the precaution of sealing the tubes used for 
holding the samples with a cork whilst sampling was conducted, The 
sampling point delivery tube was led to the containing tube through 
a tightly fitting hole in the cork, As soon as the sample was taken 
it was sealed from the atmosphere using a cork and a single 
layer of cellophane paper, until the sample was analysed, 
In general the samples were analysed using an Abbe Refracto-
meter but in the case of ethanol/water, this method had to be dis-
carded owing to the slight effect of concentration upon refractive 
index over much of the composition range, The composition of ethanol/ 
water mixtures was measured using the variation of density with 
composition, The densities were measured using a I,D ml, graduated 
pyknometer, 
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For some of the runs the disc surfaces were incompletely wetted. 
In these cases full scale sketches were made of the liquid patterns on 
the surfaces of both runs and vertical faces of the discs • The fraction 
. of the disc surface covered by liquid reflux was estimated from these 
sketches. 
3.4. Discussion of Experimental Results. 
Distillation runs at total reflux were carried out for the systems 
ethanol/water, isopropanol/water, ethanol/benzene and benzene/n-heptane, 
and the experimental results are shown in Table 3.1. 
ation of NOG is shown in Section 8.3. 
A sample calcul-
Isopropanol/water and ethanol/water systems provide examples of 
strongly positive surface tension type systems. The isopropanol/water 
runs supplemented the experimental work of Kurukchi by including a wider 
concentration range (0.09 - 0.40 compared to 0.24 - 0.33 mole fraction 
isopropanol) .. The work of Ponter indicated that negative systems might 
have higher liquid side mass transfer coefficients than positive systems 
so benzene/n-heptane.was included as an example of a negative system. 
Ethanol/benzene was included as either negative or positive type behaviour 
could be expected depending on whether experiments were carried out using 
concentrations on one side of the azeotrope or the other. 
The first 11 runs using the system ethanol/water were used to gain 
experience in handling the equipme.nt and are therefore not included in 
the table. ·The results of runs 12-67 are shown plotted in Fig. 3.3 in 
the form of NOG against composition for three different constant heating 
rates. It is apparent that there is a definite increase in NOG for 
decreasing boil up rates. 
The additional interesting feature of these curves is the rapid 
decrease in NOG for concentrations. above 0.5 mole fraction ethanol, and 
further references to this feature will be made in Section 5.2. 
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Table 3.1 
contains: 
Ethanol/Water 
Isopropanol/Water 
Ethanol/Benzene 
Benzene/n-Heptane 
Description of symbols 
Column 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Run 
p 
e 
x 
v 
in 
Experimental Results 
runs 12-93 
runs 1-44 
runs 1-79 
runs 1-69 
table:-
Experimental run nwnber 
Top liquid concentration (mole fraction of M.V.C.) 
Bottom liquid concentration (mole fraction of 
M.V.C.) 
Top vapour concentration (mole fraction of M,V.C,) 
Bottom vapour concentration (mole fraction of 
M.V,C.) 
Electrical power supply to reboiler (watts) 
Time to collect 40ccs. of reflux (secs) 
Average composi ti,on in column 
4 
Vapour velocity based upon free cross sectional 
ar~a of column (ft/sec) 
Vapour side overall number of transfer units 
Fractional area of surface of discs covered by 
liquid stream 
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Table 3, 1 Experimental Results Ethanol/Water 
1 2 3 .. 5 . 6 7 8 9 10 11 
, 
Run x x y YB P e x v NOG f T B T 
12 ,645 .6011 .636 .614 600 .sS.O :626 2.116 0.349 1. 00 
13 .631! 
.60 7 .642 .604 600 66.5 /\22 2.81 r~~~ 1 .00 14 .636 .600 .639 • 59:\ 600 66.3 : (,1 a 2;~5 1 .00 
1 5 .6/,". .60S .640 .60'" 600 63.6 ",?S 2.73 o : 49/\ 1 • 0 t) 
16 .62~ .5 73 .67 5 • S76 600 12.2 :599 2.69 O. 531 1.00 
17 .62~ .571. .625 .~76 600 72.0 ,599 ?69 O.S?;t 1.00 
11\ ,604 .561 ,604 .~6/\ 600 74.0 ,5113 7,66 0.393 1.00 
19 .6~{) .~~t. .59J .527 600 75.6 .~62 2.72 0:6?J 1. 00 
20 .575 .512- .577 .524 600 n.9 :547 ?,66 0: 4MI 1.00 
21 .555 .47<; .550 ,475 600 ,~'/' .2 ;'1,3 2:51 0:5~7 1 .00 
22 .541) .4H .543 .452 600 92.0 
· 
495 '-.44 0.632 1 • 0 () 
23 .5:)7 .442- .54~ ,450 600 95.2 .492 ?.3 6 0·60') 1.00 
24 .51)7 .401 .500 ,401 600 97.8 .452 2.45 0:562 1. 00 
25 ,447 .33 /, .447 .33 11 600 107.0 .391 2.47 0:508 1.00 
26 .417 
.311 .440 .32 7 600 10il.0 .387 2.~2 0:523 1. 00 
27' .404 .2.73 .407 ,277 6~0 11 7. S .340 2.46 O. S 1 5 1. 00 
28 .3~O .233 . .369 ,240 600 P3.0 .305 ?~2 0:507 1. 00 
29 ,3,n • 19 (, •. 3'.9 .209 600 1 ?9 • 0 ,278 2.';4 0.523 1. 01) 
30 .3;!O .147 .31 6 • 1 51) 600 136,3 ,233 2.61 0:543 1.00 
31 .290 .10.9 .2P,3 ,114 600 145.5 .199 ~.61 0:S~6 1.00 
32 • <':S 1 .050 .223 .05? 600 1':3.0 • HI') 2.77 0.520 1 .00 
33 .62.:'1 .602. .6;>& ,602 1000 311.2 ./\15 4,94 0.293 1.0/\ 
34 .612 .59 n .615 .59i'l 1000 40.11 
."'02 4.67 0.241 1 .00 
35 .6~9 .n..; .613 ,';76 1000 41.0 .593 4.73 0.341 1 .00 
36 (,1\" .H3 .604 .551 ~ 000 42,7 .574 4.68 ,>.5n4 1.00 • "_0 
31 ,576 
• 517 .571) .524 1000 45,7 .54/} 4.~2 0.454 1 .00 31\ ,524 .447 .519 .442 1000 50.5 .500 4.:>.8 0.476 1. on 
39 .4fl'i .3ao .4115 .380 1000 ;5.0 .432- 4.48 0:541 1. 00 
40 .46'1 .359 .463 ,363 1000 58.6 .411 4.~3 0.4l1li 1. 00 
41 .44~ .341 .441 .347 1·000 '>8.0 :393 4:51 0:4M 1 .00. 
42 ,440 
.3F . ,,?<i .332 1000 '>9.0 .381 4.S4 0;462 1. 00 
43 ,399 
.?88 ,399 , 2.96 1 000 63.0 .345 4.48 0.429 1 .0 n 
44 .367 .2Sn .367 • 261 1000 67.0 .323 4:30 0:3110 1. 00 
1,5 . 3 iI' . • 718 .3,0 .225 1000 10.0 ,2.79 4.53 0.402 1. 00 46 -:-,., ... 
.175 .29& ,1? 4 1000 14.0 :2.3 7 4,61 0:404 1.00 • .J " ,) 47 "77 , 13~ .273 .n5 1000 78 .8 .205 4 ,63 0.4~1\ 1 ,00 
· ' 4,' .?n9 • (P' 8 .200 .0 7 1.1 1 0(10 85.0 .142 4;74 0,379 1. on 49 .62~ .586 .6;> 2 , S86 1400 28.9 .60S 6.64 0.394 1 .00 
50 .6I)j, .576 .604 .580 1400 Z9 .4 ,5<) 1 6,59 0:2~A 1. 00 
51 ,530 
· -;S' .5<) I) .550 1400 :3 0.1 • S 1'>3 6.60 0.303 1,00 
52 .571, ,52,<; .57 "- .52~ 14., 0 31.7 ,546 6.'32 0.399 1 .00 
53 .5('3 .465 .5413 .472 1400 34.5 .506 6.38 0:527 1. on 
54 .522 ,1.52. .5;14 .45? 1400 35.2 :4M 6.36 0.44;1, 1 .00 
55 .482 .400 .411 I) .403 140 () 3 il • 1 .441 6.:>:2 0.4'3 1 , on 
56 · 4~ /. .~61 . 451 .J69 1400 ~9.5 .4011 6.42 0.419 1 ,00 
51 ,423 
• 3S 2 ,43,) ,351\ 1400 :':9.9 : 3<) 2 1'>.44 0.B4 1 ,00 sa 
.413 .~t.1 .410 .331\ 14(10 40.0 ,3 75 1'>.58 0:31? 1 • 00 
S9 ,330 ,3n1i .39 0 .303 1400 41. 8 ,344 6 .61 0:3?2 1 , 00 
60 .358 .27:>; .361 • 269 1400 44.3 • 31 "I 5.1\9 1):329 1 ,00 61 .340 .734 .3~3 .231 1400 47.0 ,211 4 6 .62 0.31>3 1 . 00 
. 
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Table 3.1 Ethanol/Water (Continued) 
1 2 3 4 5 6 7 8 9 10 11 
-Run xT xB YT YB P 9 x v NOG f 
62 , 30il , ZOZ .29 8 : 195 1400 50.0 .Z48 6:53 0.327 1 .00 
63 .27:1 .157 .260 
· 1 59 1400 53.3 .212 6:61 0:335 1. 00 64 .240 .11 5 .2J4 .122 1400 55.5 .1 ?? 6.79 0.35~ 1. 011 
6S .209 .085 .206 .088 1400 59.3 :147 6.70 0:353 1. 00 
66 .131 .068 177 .07 0 1400 60.2 
• 1 2.4 6.111 0:325 1.00 67 .150 .045 .142 .04S 1400 63.0 :09 5 6:84 0.309 1.00 
611 .625 .591') .625 .59 (l 1200 32.6 .607 5.~7 0:379 1.0(') 69 
.622 • S9 n 625 • 5118 1100 35.0 .606 5:46 0:365 1.00 
70 .636 .602- .636 .604 900 43.9 .620 4: ,,9 0:3A3 1.00 
71 .642 • 601') .636 .59 r, 1100 50.1 .(,1!l 3 • 7'8 0:484 1. 00 
7'Z .630 .60t. .63() .604 700 57.2 .618 3.~8 0.334 1 .00 
73 .645 .605 .64;) .60A 600 68.6 .(,25 i!.?4 0.49(, 1 • 00 
14 .658 .600 .6;4 .604 400 110.0 :629 1 • 72 0.667 1 • 00 
75 .653 .6no '48 .604 300 148.0 .626 1.28 0.5112 1.00 .6 
76 .41a .370 .419 .363 1600 33.2 • ~94 7 58 0.225 1.00 
77 , 411 
• 3 /.9 .1,10 .344 1500 37'.6 .>;78 5:37 0.278 1 .00 71) 
.4'5 • :3(.0 .395 .33? 1 /.00 40.7 .V.7 6.52 0:270 1.00 
79 
.390 .31 n 387' .314 1300 42.2 :350 6 .50 0:311" 1.00 
110 .3 00 • ?76 ~8<J .7.76 1200 S 1 .5 ' 13 5.61 0:396 1 .00 .32 
81 .430 .35~ '4213 .3 64 11 CO 49.8 • '1<)3 ~ • 1 4 0;321 1 .00 
Si! ,462 
.380 .46l 3611 1000 ~'" 5 • 101 8 4.56 1).4~2 1 • 0 t) 33 .452 .3~4 .461 .351\ 900 65.3 :1.06 ~. 90 0:471> 1.00 114 .437 .BA .441> .338 BOO 75.0 • '1M 3.;1 0:4153 1.0n 85 .420 
.31" .443 .338 700 90.0 · ~R1 ;> .96 0:475 1 • On 
86 ,423 
.316 .4;113 .316 600 113.5 • >;9 \" 2.;3 0.4A1 1 .00 
87 .4;)3 .a~7 .40.5 • 2.4 S 500 1">2 0 .~22 2.01 0;61 7 1.01) • Il8 
.11\5 .0 75 . 1111 0111 1~OO ~~:~ :131 6 76 0.30'" 1 .00 89 .225 .1(19 .2:1 1 : 1 09 1400 
· 
,(,'" (, . 39 0.335 1 .00 90 • 21 ti .0 61 .211 
· 08 1 ,1200 73.0 .146 5:46 0: 38 0 1 .00 91 .231 .093 .22 5 .09 :; 1000 ,;7'.6 : 1 (, 1 4.47 1).391. 1. 00 92 .247 .1196 .247 .103 BlIO 99.4 .173 3.?0 0.441\ 1.00 93 .2(1) • 1)9 (.. .240 · 0 ili' 700 1i!8.9 .165 3:,,5 0:444 1. 01) 
Table 3 1 (Continued) Isopropanol/Water 
1 2 3 4 5 6 7 8 9 10 11 
Run ·x 'x YT YB P 9 ~ v NOG f T B 
1 .423 .3~~ .4?9 .'145 700 77.0 :382 2.81 0:401 1. 00 
? , 429 • ~ I" . 429 .345 600 96.6 .386 2.22 0: 5 04 1. 00 
3 • I, 3 ~ .3'>;> .4t.2 • ~110 ~OO 119.1 .396 1 .71, 0.441 1. 00 4 .43.) 
.3" .4'1ll .'145 500 117.9 .3111 1 : 1\7 0:558 1. 00 
5 .43 t) .316 .444 • 'B9 41)0 160.0 • 311 2 1 .3 7 0.664 1.00 6 .461) 
.239 .444 .31 (, 360 195.11 .377 1.1 9 n.86'3 1. 00 
? .444 .239 .4(,0 .;:>11" 300 2'.8.7 .37.0 1 • 112 0.91 A 1. 00 
11 .3n 
·263 .385 • ?81 600 105.8 :32~ 2.10 0 •. 49/\ 1. on 9 .31 t, • as 2- .3114 .~84 500 133.5 .326 1 • 115 0.531 1.00 
10 .37" • 211 0 .404 .,-59 400 1~5.0 
· ~22 ':~7 0:674 1. 00 
11 .3·'\11 • 2.2.A .384 • ,,51 360 205.7 • ~ 11) 1. 26 0:619 1.00 
1 ? · :n9 ; ZS 1 .352 .;:>46 800 110.0 .297 3. 17 I): 39 ~ 1. 00 
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Table 3 1 Isopropanol/Water (Continued) 
1 2' 3 4 5 G 7 8 9 10 11 
Run xT xB YT YE P 9 x V NOG f 
13 .35? .23~ .34<3 .743 700 95. 0 .294 2.75 0:441\ 1.0n 
14 .3 /,:'1 • 2.2 ~ .362 • '39 600 114.0 .292 2.;>5 0.499 1.00 15 ,339 .1 119 .339 .193 600 122.1 .21>5 2.36 0:53R 1.00 
16 ,36:; 
.206 .35<1 .<?2n 500 147.0 .21\7 1 • 1\8 0:5116 1 .00 11 .331) 
.113 .347 .1 74 500 1'>2.1 • 2511 1.96 0:6~? 1 .00 
1/\ I 3/.~ .1 55 .342 .16:' 440 134.4 .250 1: 67 '>:64? 1.00 
19 .3S2 .?O2 .380 .7.1'1 400 195.0 :2-8'i' 140 0:6~O 1.00 2(1 
.3 1" 5 • 1 1.1 .B9 • 1 6? 400 210.8 • 2.46 1 : 4 5 0:665 1 • 00 
21 .380 • ? 11 .390 • 2.11 340 256.0 .29 7 1:07 O:n!. 1.00 
22 .390 .19 !. ,31\4 .2.22 3'0 2')2.4 2911 1 : 10 0.'143 1.00 
23 .3 80 ,1 74 .31\9 .202. 300 300.2 .21\6 O. 96 O.'7RII 1. on 
24 ,3 81 ,19 A 394 .2.09 300 2'i'5,6 .295 1 .01 0:761 1.00 
25 .2?4 ,1 5, 
.2 79 .159 12no 59.6 .2.1 6 5' 9 0:37~ 1. on • 1 26 .2·:,9 .19 'i .2119 .166 1100 64.8 .2H 4.52 0.358 1. 00 
27 
.3 n '. • 1 8 (\ .302 .18n 1000 71.3 .241 4.12 0:413 1.00 21l .311 .187 ,316 .187 900 78.0 .2'>0 3.70 0:442 1. 00 
29 .322 
.11° .345 .no 31\0 238.3 .221\ 1. 38 0.6Q O 1. 0" 30 .345 .129 .345 .139 360 249.8 .239 ,.. '1 0:72;> 1. on 
31 .330 .1 0 I. .345 .120 340 260.2 .225 1 .32 I) :140 1. 00 32 .21.5 .061 .247 .06A 600 149.7 .1') 5 2,' 15 0: 49? 1 • 00 
33 ,263 .051 .2~9 .059 500 1116.8 .15 8 1.'!\ 1 0:567 1.00 
34 .17t.. .039 .173 • n39 1400 63.2 .106 5.67 0.333 1. 00 
35 .1113 .0411 . 1115 .049 1300 65.4 .117 5.28 0:344 1 .00 
36 • 21) 1 .()S7 .202 .059 1200 71.2 .130 4:63 0:3(\9 1 • on 
37 
.251 ,039 .263 • (1/,6 440 2;!2.3 .159 L!)6 O:SM. l,{)O 
38 
· 26~ .028 .2(,3 .03 7 400 2~7.7 :14'7 1: 65 0:632 1. on 39 .2">4 .023 .264 .025 380 271.0 .142 1.60 0:644 1. 00 
40 ,247' .013 .264 .018 360 2° 2.0 .135 1 .52 0:60;1 1 .00 41 • 1 4:\ .023 .145 .0;.>3 1600 57.2 .0115 7:72 0:309 1 • 0" 47. .1'>·' .030 • 1 59 .030 1500 59.3 : 094 7:7.8 0:319 1.00 
. 43 .1t,~ .1120 .159 .020 1000 ,??.8 : 090 4:79 0:360 1 • 00 44 • 16? • n., ~ .159 .014 ' 900 105.4 .0117 4:33 0:381 1. 00 
Table 3 1 (Continued) Ethanol/Benzene 
" 
1 2 3 4 5 0 7 8 9 10 11 
Run xT xB YT YB P 9 x' V NOG f 
1 .430 • 4 ~6 .433 .426 320 58.2 :429 1:72 0: 37i' 1. 00 
2 .430 .4'~ .433 ' • 426 2BO 69.5 .428 1.44 0:430 1. 00 
3 • 417 ,410 .41 Y .410 340 55.5 • 41 ~ 1. 79 0:319 1. 00 4 .419 .410 .420 .41(') 300 65.9 :414 1 .51 0:361i 1.00 
5 .420 .410 .420 .41" ZAO 69.1 .415 1.44 0.376 1. 00 6 .4~(I .410 .4'-1 .410 260 67.1 :415 1 .48 0:417 1 .00 
'7 
.4? 1 .41"1(, .420 .411 240 85.0 :414 1 .1 7 0:484 1.00 
!\ .4~O • I. 1"1 A .421 .4n 220 93.7 :411. 1. 06 0:484 1. on 9 .4OZ7 ,41"17 .4;>3 .411 200 1.19 .6 :41 7 0.91 0: 7,6 1. 00 
10 .424 ,407 .423 .405 180 1'5.0 .414 0. 79 0: 704 1. 00 
11 .425 , t, 0 S .4;>5 .411 160 142.3 .416 f) .70 0: 762 1. 00 
1? • 4 2.6 .~nr, .1,7.6 .405 140 ,71,.0 .415 n:S7 0:9111 1.00 
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Table 3.1 Ethanol/Benzene (Continued) 
1 2 3 4 5 6 7 8 9 10 11 
Run xT xB YT YB P e X· v NOG f 
13 .401 .39 n • 41) 1 .390 340 56.0 .395 1. 76 0:273 1. 00 
14 .4'>0; .389 .406 .393 3'-0 59.0 · 39 i! 1.67 0: 373 1. 00 15 .4(15 
.390 .405 • 38t? 300 ~3.4 .397 1.56 0:409 1. 00 16 .41 I) .39 n .410 .394 2·30 68.4 • t. 0 1 1. 44 0:507 1. 00 17 .411 • 39.3 · 411) .390 260 78.0 .401 1.26 0:53'7 1. 00 
18 .t.10 .386 .406 .3R? 240 ';3.0 • 39 i' 1 : 19 0: 5'n 1. 00 
19 .41(\ .387 · 411) .395 no 92.3 :401) 1.07 O:5~5 1.0n 
20 · 411 .387 • 411 .39 '; 200 104.4 :1.01 0.95 1).570 1. 00 21 .386 .36.3 .391) 
· 36') 340 55.2 .376 1.77 0:411 1. 00 
2Z .390 .366 .393 .367 320 58.2 : 379 1:68 0:476 1. 00 23 .390 .36t. .390 .369 300 68.0 .3711 1.44 0;4"9 1 • O!\ 
24 .39 0 .36S .391 .367 ?!l0 67.6 • 378 L45 0:459 1. 01) 25 .390 .360 .391) .363 260 72.3 .375 1. 35 0.515 1. 00 26 .393 
.360 -9 S .360 240 82.3 .374 1.' 19 0.644 1. 00 · :, 27 .383 
.353 • 3l1d .355 no 94.1 .370 1. 04 0:5 71 1. 00 28 .390 
• 355 .392 .366 200 1 B. 0 .375 0:79 0.549 1. 00 
29 .394 .353 .39 I) · ~ 57 180 119.8 .373 0.81 0:637 1 • 00 30 .333 
.293 · 3~3 · 2.9 '5 380 47.0 .313 ~. 04 0;505 1. 00 
31 32.7 .2BS .320 .285 340 54.4 .306 1 • 76 0.3n 1.00 
32 .32.5 .275 .322 • 2.75 300 62.9 • 2.99 1: 51 0:408 1. 00 33 .31B • 251\ · 31 d • 261 260 74.2 : 288 ,:28 0:439 1. 00 34 .311 • 2/.7 .311 • 2.50 27.0 88.1 .279 1.' (\ 7 0:442 1.00 35 
· 29~ .2M .290 • 2.07 1110 ,;'4.0 .249 0:75 0: 49 5 1.00 
36 .295 .111'<; 
· 211 7 • 1811 140 156.7 • 23/\ 0.59 0.590 , • 00 37 .89 t. 
.9'31 .896 .9211 340 c3.4 .9H 1. 54 0.1 A 2 0.61\ 
3~ 
.9' 2 · 94,<; .914 .943 300 116.7 .928 1 • 11 0.170 0.65 39 · ., 1!. .9'-'1 .917 .946 260 ,:'3.1l .931 1. OS 0; 172 0.61 4n .91 t, 
.95' .915 .950 200 172.0 .933 0. 75 0.208 O. 59 
41 .911 .91.7 .920 
· 96~ 140 325.0 .940 0.40 0;2112 0.3~ 42 .902 .971 .914 .965 PO 397.0 
.93" O. ~3 0.349 0.3S 
4'3 • P, 21 • B77 • B 21 .S7!'. 3/,0 81.0 .R47 1. S4 0·:2';9 0.61 44 .820 .8.'\5 .iJZ5 .879 300 ?7 .11 .IIS? 1. 28 0:277 0.59 
45 .319 .881'1 
· 8 25 .1185 260 120.0 .115' 1 • 04 0: 29 2 0.51\ 
46 .80~ 
.897 · S 1 5 .892 200 172.3 .1152 0.73 0.3112 O.5~ 47 .792 
.91 0 .79 d . ., 00 140 3z'7.0 .1150 0.~9 0:507 0.23 
4A .75"': 
.814 .lS3 • R09 340 75.3 .782 1: 60 0.268 0.59 49 .7(,0 
.82.n .7'<;0 .1119 300 119 .4 .789 1.35 0.268 0.5R 
50 .755 .816 .754 .1120 260 110.0 .7116 1 • 1 0 0: 29 3 0.51 
51 .755 .833 .75 9 .825 200 157.9 .79 !J 0:77 0.3~P, O.5~ 52 .729 .8/.1. .729 .1133 140 278.0 .71\3 0:44 0:505 0.21 
53 .70r, .7?1 .715 .765 340 69.7 .739 1: 69 0.287 0.59 54 .7:):; .?69 • 713 .765 300 87.8 .738 1.34 0.281 0.56 
55 .71)5 .176 .710 .769 260 1 01. 0 .744 1 . 1 7 0.'344 O.SS 56 .701 .777 .705 .771 200 150.0 .73.3 0.79 O:3~3 0.56. 57 .671\ 
.790 .:SlId .776 140 246.1 .733 1'):48 0.504 0.3~ 
5/\ .627 .789 .6~3 .775 100 450.8 .706 0: 2.6 0.81.4 0.20 59 .533 .561 .534 .560 300 71.9 .547 L l)~ 1).4no 0.6S 
60 .5311 .5(,5 .534 .Sb/. 200 11.1.11.5 47 o:~8 0.39(, 0.6? 61 .525 .56S .530 .563 140 ''14.01-5 1.6 0.55 0.563 0.5:? 62 .471. 
.490 .411 0 • 491 300 67.1 .483 1 .53 n.4SS 0.80 
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Table 3.1 Ethanol/Benzene (Continued) 
1 2 3 4 5 6 7 8 9 10 11 
R\ln x· x YT YB 
P e x v NOG f T B 
63 .430 .4 A9 .4713 .489 200 114,0 .4113 0.90 0;375 0.71 
64 .474 .490 .474 .489 140 1114,9 .481 0.56 0;5114 0.59 
65 .no .111.8 
· 120 .04/; 300 60.9 .084 1.46 0.337 0.82 66 .17.n .048 
· 1 7.1 .04? 300 ~1, 1 .081. 1 .45 0:B7 0.82 
67 .169 .1\8~ .169 • O? 5 300 ,)9,3 :130 1 : ~ 2 0:329 0.9n 6/1 
.1% 
.11'" 194 .120 300 ~9, 5 .156 1 .52 0:3H 1. on 69 21l~ 
.H7 .207 • 1 27 300 5'8.2 .167 1 .56 0:348 1.00 · . 
70 .25(\ .168 .251) .170 300 59.1 .7.09 1 .56 0:404 1 .00 
71 .i?6~ • 1 1\ ~ .261 • 190 300 .64.0 .;>7.5 1 .45 0.403 1 .0 n 
77. 
.29 "' .231. .293 :7.34 300 61 .2 : 7.6:; 1;54 0:385 1.00 73 .36n • 32.8 .3t,(} .~2l\ 300 66.0 .344 1 : 47 0:377 1 .00 
74 • 49~ .5, 3 .495 · 51 5 300 73.7 .<;04 1.41 0: 427 0.71 
75 .49" • 5111 • 498 • 51 B 300 71.8 :501l 1 .45 0:432 0.77 
76 .5~o .5511 .531 .55.5 300 15,9 .543 1 .39 n: 347 0.68 
77 .600 .651. .600 .651 300 80,8 :626 1.' 37 0: Id\O 0.60 78 .612 .667 .610 .664 300 112.8 .1\~8 1. 35 0:365 0.60 
79 .7rJ3 .nn .703 · no 300 89.2 .736 1:32 0:3~7 0.60 
Table 3.1 (Continued) Benzene/n -Heptane 
1 2 3 4 5 6 7 8 9 10 11 
Run x 
T. 
xB YT YB P e x v NOG f 
1 .93n .94;> .941 .942 200 87,7 .940 0.95 0:355 0.5, 
2 I . 91l~ .9 ns .90d .904 200 85.6 .906 0:95 O:Z?5 0.51 · ,-
3 • 8? 1 .RA~ · 1191 .118;' 200 ~6.Z .M8 0.94 0:266 0.51 
4 8~'" .111,4 .170 .A64 200 ,:14.1, .8613 0.95 0':27~ O.S? 
· '." 5 • .:l'P .R~Q .3<;0 .1139 200 ilL 4 .A44 0.96 0:339 0.54 
6 .8~r., .R1~ .031 • 111 5 200 31.3 .R22 0.95 0:312 O.St. 
., 
.Bn6 • ?Q4 .30\! .71\'5" 200 "2.2 : 793 0:93 0.345 0.5~ 
Il ,7~";, .'i'~~ .7F11 .760 200 M.O .774 o . P,4 0.419 0.50 
t) .7~') .1'0; ,7<;3 .72<; 200 1l5.2 • 7~c, 0.117 0:355 O.S? 
10 ,72'; .60 t. .724 .606 200 78,9 .710 0.91 0': 296 0.57 
11 
· 
7F .678 .711) .678 200 78.9 : (1) 6 0:91 0:358 0.57 
1? • 6,1"- .I)I.~ .685 .65? 200 Q 3.1 :1'>66 0.76 0.397 0.4A 
13 .673 .6~1; .671 .636 200 77 .8 .653 0.90 0.31\1 0.56 
14 ,61:; .5'n .614 .56~ 200 "'0.8 ."12 0.R4 0:481 0.54 
15 . 565 .5no:; .5'i7 
· 509 200 76,9 · q/ • O.M 0:410 0.56 16 .529 • 41. ~ .51 9 .45 S 200 15,4 • 4117 0.85 0.518 0.57 
17 .465 .~AA .459 .395 200 12.3 .421 0:117 0.41>6 0.511 
18 .42.1 .31. n .415 .35<' 200 01.8 • ~8 1 0:67 0:41\0 0.49 
1<;1 
.34:'\ 
.'-"'1. .340 .27'S 200 t'.4.8 · '105 0:92 0:4<;3 0.64 20 .3;" (. .20:;0 .325 .260 200 70,3 .;>89 0.84 0.446 0.5/1 
21 .2'(, 
.1'" .275 .220 200 66.7 :240 0.87 1):479 0.62 
22 .251 • 1 FI S .26U • 195 200 68.7 .n3 0.84 1):463 0.6' 23 .21~ .1 t,Q .234 • , il3 200 '1'1.8 .706 0.80 0:4~7 0.5/1 
24 .2~3 .1<;1\ .21Y .169 200 1$5,3 :1 Q ~ (\ .M 0:437 0.61 25 .191, ,1'11 
· 19 ~ .140 200 ?3,9 .162 0.?7 0:482 0.57 
26 · 169 .11? .167 .124 200 68,7 .142 0:il2 0':42(, 0.60 
27 .14/, .OQA .144 .106 200 69.8 : 1 ?:i 0.80 0:396 0.60 
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Table 3.1 Benzcne/n-Heptane (Continued) 
1 2 3 4 5 6 7 8 9 10 11 
Run xT xB YT YB P 6 x v NOG f 
21\ .115 .068 .103 .070 200 62.3 .0118 0.89 0.4115 0.66 
2~ .929 .930 .929 .930 140 146.8 .9;>9 0.57 0.096 0.29 30 .910 
.903 .910 • '}03 140 ,51 .5 .906 0.54 0.395 0.27 
31 · r,91 .R80 
· 391 .1185 140 139.0 .BB6 0.58 0:3111 0.3(1 
32 .876 ,865 .375 .1164 140 147.7 .869 0.S4 0:3711 0.211 
:n ;855 .839 .858 .839 140 143.8 .1147 0.55 n: 481 0.29 34 .1139 .813 .837 ,818 140 134.8 ,1\26 0.57 0.51?' 0.32 35 .8116 ,782 .812 .781 140 142.1 .795 0:53 0:510 0,30 36 · ?9f. ,7St'; ,786 .751 140 138.3 ,771 0,54 1):530 0,31 
37 .766 .719 ,763 .723 140 142.9 ' 742 0.51 0.530 0.29 3!l .734 • 69 ~ ,731 .1,95 140 131 • 3 • 73B O. SS 1):5;>8 0.3~ 
· 39 .729 
• 
678 ,724 678 140 137.0 
· 
727 0: S2 0: 391\ 0.31 
40 .704 .650 ,701) .61.9 140 137.7 676 0:51 0.5/\4 0.31 
· 41 687 ,t', 3 Il 6133 
.630 140 133. 8 6S6 0.52 0.559 0.3i! 
42 .645 • SS'" :6~9 .S64 140 146.2 .601 0.46 0.??2 0.2/\ 
43 
· 621. • S In .594 .'i09 140 169.9 .5'59 0.39 0.778 0,23 44 .53 8 .435 .529 .436 140 141. 5 : 484 0.45 0.671> 0.30 4S .498 ,364 • 47.1, .388 140 131l.7 .431 0:45 0:626 0.30 46 .436 
• '32.9 .423 .331.\ 140 118,3 .376 O.~Z ~. ~12 0.37 47 .40t .7.95 .1.01 .315 140 119.4 .35~ 0.51 0.601\ 0.37 
48 .352 .249 .350 .235 140 119.8 .296 0.49 0,'70'3 0.37 
49 .326 .209 .31d • 23~ 140 118.6 .2.71 0.49 0:673 0.37 
50 .310 .19.5 .30 5 .209 140 131.0 .254 0. 44 0·706 0,33 51 .285 .170 .280 • 111 S 140 127.3 .229 0.45 ".7",7 0.34 52 .265 .165 .2(,0 .17:0; 140 137,1 .215 0.42 0';70;4 0.31 53 .24? , 1 (,2. .245 • 1 5/\ ' 140 121 .0 · 98 0.47 0. 711 0.36 • 1 S4 .232 .130 .2?3 .1,40 140 131.0 
· PH 0~43 0,'7(\3 0.3~ 55 
.202 ,1 1 4 .195 
.12" 140 126 .0 156 0.45 0'648 0.35 56 
· 160 .082 · 1 59 • 095 140 131,7 : 1 24 0.42 0:698 0.33 57 .126 • 0611 .123 .072 140 132.0 .097 0.42 0. 622 0.33 513 .833 .779 .(\25 .71\3 100 223.0 .805 0.14 LOllS 0.1 ? 
5" .774 .671 ,753 
· (, 71 100 243,8 ,716 O. ,9 1: 21 8 0,17' 60 .746 
.633 ,7'),4 .624 100 230,7 .61\:'. 0.30 1: 210 o • 17 
61 680 ,547 6('5 .567 100 262.7 .615 0.26 1 : 043 0.14 6? : 656 , 491 : 625 487 100 219. ,~ 
· 
565 0.30 1.230 0.17 63 .560 .412 .550 .412 100 -201,5 .1.83 0:~1 ':006 0.19 64 523 
.35 A 515 .~5" '100 202,7 .439 O:~O 1: 1 03 0,19 65 '49Q 
.325 '4Rd .:nl.l 100 1? 3.9 .412. 0.31 , .343 0.2t'! 66 :433 .286 :467 .30 S 100 228,6 .38 5 0.26 , : 153 0.17 67 .436 
.263 
· 
456 .2.76 100 224.6 .370 0.<'6 1:321 O. 17 613 .478 ,215 
· 
1.46 • <.57 100 12%.3 .349 0.'3 1: 427 O. , 4 6Q • 1.1 ~ • 1 711 411) .2.33 100240,7 306 0.24 1: 382 0.1'i 
· · 
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+ 
'~ , '. f-:- .' . ~...; ...I 
IT ~ -:f:'. :;::+- 4 
o 
x, mole fraction. ethanol 
Fig. 3.3 Ethanol~Vater, NOG vs Compos i ti on 
symbols: 
fj, 
x 
heating rate = 000 watts 
(approximate vapour velocity at 0.5 mole fraction 
ethanol = 2.5 ft/sec) 
heating rate = 1000 watts 
(approximate vapour velocity at 0.5 mole fraction 
ethanol = 4.3 ft/sec) 
heating rate = 1400 watts' 
(approximate vapour velocity at 0.5 mole fraction 
ethanol = 6.4 ft/sec) 
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Fig. 3.6 Ethanol/Benzene The effect of composition on NOG 
symbols: 
o 
• 
and the fraction of disc surface wetted 
heating rate = 300 watts 
(approximate vapour velocity at 0.5 mole fraction 
benzene = 1.4 ft/sec) 
experimental NOG 
corrected NOG 
fractional wetted area, f 
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(a) (b) 
(c) (d) 
Plate 3,2 Disc Column,Liquid Flow Patterns 
(a) Ethanol/water, surface tension +ve, total wetting v = 4,10 ft/sec" 
,34 mole fr, ethanol 
(b). Ethanol/water, thermal distillation, v = 4,10 ft/sec" ,35 mole fr, 
. ethanol 
(c) Benzene/n-heptane, surface tension -ve,. partial wetting, v =,97 ft/sec" 
,25 mole fr, benzene 
(d) Ethanol/benzene, surface tension -Ye, partial wetting, v = ,62 ft/sec" 
,79 mole fr, ethanol 
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Although the discs were completely wetted for all the runs 
reported, it was found that wetting was incomplete if smaller concen-
trations of ethanol were used. In these. cases portions of the disc 
uncovered by the liquid stream were covered with small droplets of 
condensate. The appearance of these droplets resembled those reported 
by Norman when films of n-propanol/water broke down with low n-propanol 
concentrations (ref. 41). The breakdown of the films for mixtures 
with high water concentrations i's thought to reflect the high contact 
angle of water. 
During distillation of ethanol/water and isopropanol/water there 
was a tendency for bubbles to appear in the liquid, particularly for 
those runs conducted at compositions having a large difference between 
dew point and boiling point (see Figs. 8.1.11, 8.1.13). This effect 
was attributed to thermal distillation and is illustrated in Plate 3.2. 
The frequency of the bubbles was small and was considered unlikely to 
markedly affect distillation efficiencies. 
A prominent feature of all runs conducted with the negative 
system benzene/n-heptan~ was the tightly banded stream of liquid running 
down the centre of the vertical face of each disc. Plate 3.2 shows 
the central liquid stream was well defined compared to the rest of the 
surface of the disc which was merely covered with a thin film of con-
densed liquid. The liquid behaved in a similar manner on' the disc 
rims. The behaviour of this system contrasts sharply with that of the 
positive system, ethanol/water. Plate 3.2 also illustrates typical 
flow behaviour for ethanol/water. 
Experimental values of NOG against .composi tion for benzene/n-hep-
tane are shown plotted in Fig. 3.4. As \Vi th ethanol/water, the values 
of NOG increase with decreasing boil up rates. It was impossible to 
obtain higher boil up rates than those recorded for this system becsuse 
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the liquid has a tendency to splash at the point where it enters the 
column. This problem was also encountered with the system ethanol/ 
benzene for compositions at which the system had negative surface 
tension type characteristics. No runs were conducted for concentrations 
lower than 0.3 mole fraction benzene for the heating rate of 100 watts. 
It was found that 100 watts was insufficient to maintain steady distil-
lation for these low concentrations. 
An interesting feature of the experiments conducted with benzene/ 
n-heptane was the impingement of continuous sprays of droplets on the 
column wall in distinct locations opposite the flat vertical faces 
of some of the discs. The droplets were not visible in flight but 
if the column wall was dry, they could be detected by the circular 
pattern of light flashes formed as they hit the wall alld evaporated. 
If the wall had liquid on it due to splashes or condensation, the 
sprays could be detected by disturbances appearing in this liquid. 
Once a spray site appeared it was rare for it to disappear during a 
run. On the otherhand the phenomenon was not repeatable for suc-
cessive runs and could appear opposite different disc faces for 
appare?tly identical operating conditions. Sometimes the munber of 
sites could be increased by raising the jacket temperature by up to 
o 
10 C. This did not always work. The only references in the liter-
ature to droplets being eJected during distillation or absorption were 
those made by Boyes and Ponter (refs. 43, 44). They only noticed 
droplet ejection in negative systems and considered the droplets to be 
an indication of high liquid side mass transfer coefficients. The 
mechanism of the spray is discussed in Sections 3.6 and 3.9. 
With ethanol/benzene for concentrations greater than 0.45 mole 
fraction ethanol (negative mixtures), the running liquid again formed 
tight bands in the centre of the flat disc faces (Plate 3.2) in the 
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same manner as with benzene/n-heptane. The circular patterns of 
impinging droplets were also observed for this concentration range. 
For concentrations between 0.15 and 0.45 mole fraction ethanol 
the discs were completely wetted. Partial wetting occurred for con-
centrations less than 0.15 mole fraction ethanol and spray impinge-
ment sites observed for concentrations less than 0.26 mole fraction 
ethanol. 
Although superficially it is surprising that there should be two 
composition ranges where ethanol/benzene behaves as a negative system, 
it is·easily explained when reference is made to the graphical plot 
of the surface tension of ethanol/benzene mixtures at their boiling 
pOint. (Fig. 8.1.51). This graph shows a maximum value of sur-
face tension at a composition of about 0.15 mole fraction ethanol. 
The surface tension of the mixture is reduced at concentrations lower 
than 0.15 mole fraction ethanol because of the sharp rise in the 
boiling point of the mixture at low ethanol concentrations. Surface 
tensions are normally reduced at high temperatures. 
The work of Boyes and Ponter indicated that droplets are only 
ejected with negative mixtures. It was therefore rather surprising 
that sprays·of droplets should appear at concentrations as high as 
0.26 mole fraction ethanol. According to Fig. 8.1.51 the composition 
range 0.15 to 0.26 mole fraction ethanol gives positive mixtures. 
* Kurukchi showed that a negative system can 
* * 
be defined by g < 1,. and 
a positive system by g > 1. Plots of g . against composition are 
shown in Fig. 3.5 for ethanol/water, ethanol/benzene and benzene/ 
n-heptane. According to this definition of a negative mixture, the 
curves show that t~0 Dy3t2~ ath"nol/oenzene is still negative up to 
0 .. 26 mole fraction ethanol. The discussion on the mechanism of drop-
* let ejection confirms that the value of g is the best criterion for 
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assessing whether a mixture is posit"ive or negative. 
The effect of composition upon NOG for the system ethanol/ 
benzene is shown plotted in Fig. 3.6. This figure also shows the 
effect of composition upon the fraction of the disc surface covered 
by the liquid stream. These plots are made from all the runs con-
ducted with a heat supply of 300 watts.to the reboiler. In addition 
to showing the actual experimental values of NOG' the graph shows the 
estimated increase that would be obtained if the disc surface was 
completely wetted.· This value of NOG is estimated by dividing the 
experimental NOG by the fractional wetted area f. This plot appears 
to indicate that negative mixtures have higher mass transfer coeffic-
ients than positive. 
Kurukchi reported that he found negative rnixtu-.:oes gave rlse to 
an exaggerated thickening of the liquid at the centre of the flat faces 
of the discs, yet leaving the discs totally wetted. With the systems 
benzene/n-heptane and'ethanol/benzene the thickening at the centre is 
more severe and givc~ rise to large areas on the disc surface only 
covered with a layer of condensed liquid. Basically however, the 
phenomenon seems to be the same and therefore the explanation given 
by Kurukchi and reported in the literature survey was adopted. 
The'conclusions to be drawn from this part of the work are:-
* 
1. g: < I for mixtures with surface tension negative charact-
eristicsj 
* g: :> I for mixtures with surface tension positive charact-
eristics. 
2. It was difficult to wet the whole of the disc surface with the 
liquid stream during distillation of negative mixtures. 
3. 'Sprays of liquid droplets w~re sometimes emmitted from the 
liquid during distillation of negative mixtures. 
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4. When correction was made for partial wetting, values of NOG 
appeared to be greater with negative mixtures than with 
positive. (See Fig. 3.6) 
3.5. Photographic Study of the Disc Column 
The discovery of the spray with negative systems prompted ex-
perimental work to establish the location of the spray source. In 
addition it was hoped to establish the mechanism behind the spray and 
determine its likely effect upon distillation efficiencies. 
Attempts to follow the spray droplets in flight using a travel-
ling microscope failed because of the high velocity of the droplets. 
For this reason recourse was taken to photographic techniques. As 
normal cine photography would not be fast enough to show up the 
mechanism clearly, high speed photography with film speeds between 
1000 and 3000 frames/sec. was chosen. 
On inspection of the liquid/vapour interface through the view-
finder of the camera the spray appeared at the junctions betwAen the 
discs as an almost continuous jet of liquid. It could only be seen 
however, when there was sufficient illumination. A simmering Xenon 
Arc Light was used for this purpose. The phenomenon was filmed but 
unfortunately was badly out of focus so a second film was taken. 
" The operating conditions and measurements taken from this second film 
are included in Table 3.2. This table includes details of all sub-
sequent films run on the disc column using the systems ethanol/benzene, 
benzene/n-heptane and ethanol/water. 
Film 2 (ethanol/benzene), showed bubbles being formed at the 
junctions in addition to the spray droplets which were being ejected. 
However, most ef the drop16ts b~ing ejected did not appear to be 
associated with the bubbles. A film sequence of droplet formation 
is shown in Plate 3.3 and bubble formation in Plate 3.10. The 
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Table 3.2 Disc Column Analysis of Films 
Film No. 2 3 4 5 
ethanol ethanol ethanol ethanol 
system benzene benzene benzene benzene 
mole fraction 
concentration of 
.88 .92 .92 .92 M.V.C. at point 
of photography 
vapour velocity 1.10 1.12 0.77 1. 70 (ft ./sec.) 
surfacli tension 
neg. (0.957) neg. (0.970) neg. (0.970) neg. (0.970) type § 
fraction of sur- 0.53 0.53 0.48 0.56 face area wetted 
NOG 0.424 0.164 0.219 0.080 
site studied in 
film (discs num- base of 14 top of 5 top of 5 base of 4 
bered from top) 
ripple frequency 
240 183 218 188 (number/sec,) 
average length 0.07 0.03 0.02 0.04 
of drops (ins) 
average diameter 0.'02 0.003 0.006 0.007 of drops (ins) 
average velocity 10.5 .3.8 3.7 10.1 of drops (ft/sec) 
frequency of drops 20 93 127 94 (number/sec.) 
% interfacial area 
due to 1 site 2.28 0.67 1. 75 1.54 
compared to area 
number of spray 
sites noticed 2 3 3 4 
in column 
Plate Numbers 3.3,3.7,3.10 3.5 
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Table 3.2 (Continued) 
Film No. 6 7 8 9 
ethanol ethanol ethanol benzene system benzene benzene benzene n-heptane 
mole fraction 
concentration of 0.92 0.93 0.94 0.42 M.V.C. at point 
of photography 
vapour velocity 0.85 (ft./sec.) 1.25 1.06 0.56 
surfac\1 tension 
neg. (0. 970) neg. (0.972) neg. (0.977) neg. (0.962) type (J 
(J 
fraction of sur- 0.48 0.53 0.53 0.36 face area wetted 
NOG 0.110 0.091 0.170 0.632 
. 
site studied in 
film (discs num- base of 4 
bered from top) 
base of 8 base of 12 top of 7 
ripple frequency 136 288 290 420 (number/sec. ) 
average length 0.01 of drops (ins) 0.04 0.05 0.03 
average diameter 0.002 0.01 0.008 0.007 of drops (ins) 
average velocity 13.8 
of drops (ft/sec) 6.3 14.4 9.6 
frequency of drops 75 11 138 29 (number/sec.) 
% interfacial area 
due to 1 site .147 .336 4.75 0.61 
compared to area 
number of spray 
. 
si tes noticed 4 16 6 7 
in column 
Plate Numbers 
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Table 3.2 (Continued) 
Film No. 10 11 12 
system benzene benzene benzene 
n-heptane n-heptane n-heptane 
mole fraction 
concentration of 0.39 0.50 0.50 M.V.C. at point 
of photography 
vapour velocity 
0.49 (ft ./sec.) 0.57 1.05 
surface tension 
neg. (.967) neg. (.956) neg. (.956) type SI.. 
() . 
fraction of sur- 0.36 0.36 0.55 face area wetted 
NOG 0.490 0.595 0.562 
site studied in 
film (discs num- top of 5 base of 5 base of 8 
bered from top) 
ripple frequency. 493 nil 375 (number/sec.) 
average length 0.02 0.02 of drops (ins) 
average diameter 0.006 0.009 of drops (ins) 
average velocity 2.77 3.40 of drops (ft/sec) 
frequency of drops 25 n~.l 5 (number/sec.) 
% interfacial area 
due to 1 site .33 0 .043 
compared to area 
number of spray 
sites noticed 3 0 5 
in column 
Plate Numbers 
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Table 3.2 (Continued) 
Film No. . 13 14 15 
system benzene benzene ethanol 
n-heptane n-heptane water 
mole fraction 
concentration of 0.49 0.29 0.31 M.V.C. at point 
of photography 
vapour velocity 0.51 0.98 4.24 (ft ./sec.) 
surface tension 
type () neg. (.956) neg. (.972) pos. (1.82) 
() 
fraction of sur- 0.36 0.55 total face area wetted 
NOG 0.685 0.383 0.466 
site studied in 
film (discs num- base Of 8 base of 12 base of [) 
bered from top) 
ripple frequency 531 202 61 (number/sec.) 
average length drops out 0.12 
of drops (ins) of focus 
average diameter 0.008 
of drops (ins) 
average velocity 8.25 
of drops (ft/sec) 
frequency of drops 67 (number/sec.) 
% interfacial area 
due to 1 site 2.7 
compared to area 
number of spray 
sites noticed 3 3 0 
in column 
Plate Numbers 3.4,3.6,3.8 3.9 
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(a) t = 0.0 (d) t = 2.00 x 10-3 secs 
(b) -3 t = 0.67 x 10 secs (e) -3 t = 10.0 x 10 secs 
(c) -3 t = 1.33 x 10 secs (f) -3 t = 22.0 x 10 secs 
Plate 3.3 Disc Column, Ethanol/Benzene, Droplet Ejection 
Film taken at base of disc 14 
Approximate composition at disc 14 = .88 mole fr. ethanol 
Approximate vapour velocity in column = 1.10 ft/sec 
x 2.5 Magnification 
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(a) t = 0.0 (d) -3 t = ~.50 x 10 secs 
(b) -3 t = 0.834 x 10 secs (e) -3 t = 6.67 x 10 secs 
(c) -3 t = 1.67 x 10 secs (f) -3 t = 12.5 x 10 secs 
Plate 3 4 Disc Colu~ Benzene/n-Heptane, Droplet Ejection 
Film taken at base of disc 12 
Approximate composition at disc 12 = .29 mole fr. benzene 
Approximate vapour velocity .in column = .98 ft/sec 
x 3,5 Magnification 
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(a) t = 0,0, (d) 
-8 t = 15,0 x 10 secs 
-3 
(b) -3 t = B,O x 10 secs (e) t = 22,0 x 10 secs 
-3 
(c) 
. -3 
t = 14,0 x 10 secs (f) t = 23,0 x 10 secs 
Plate 3,5 Disc Column, Ethanol/Benzene, Ejection of Droplet 
and Needles from Top of Disc 5 
Approximate composition at disc 5 = 0,92 mole fr, ethanol 
Approximate vapour velocity in column = 1,12 ft/sec 
x 6 Magnifica tion·. 
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(a) t = 0.0 (d) 
-3 
t = 6.67 x 10 secs 
-3 
(b) -3 t = 1.33 x 10 secs (e) t = 8.00 x 10 secs 
-3 -3 (c) t = 5.33 x 10 secs (f) t = 10.7 x 10 secs 
Plate 3.6 Disc Colurnn,Benzene/n-Heptane,Ejection of Needles 
Film taken at base of disc 12 
Approximate ~omposition at disc 12 = .29 mole fr. benzene 
Approximate vapour velocity in colurnn= .98 ft/sec 
x 3.5 Magnification 
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(a) t = 0.0 (d) -3 t = 2.00 x 10 secs 
(I) 
(c) 
-3 . . 
.t = 0.67 x 10 secs 
-,j 
t = 1.33 x 10 secs 
, (e)t = 2.66 x 10-3 secs 
(f) -3 t = 3.33 x 10 secs 
Plate 3.7 Disc Column, Ethanol/Benzene. Liquid Turbulence 
Film taken at base of disc 14 
Approximate composition at disc 14 = .88 mole fr.' ethanol 
Approximate vapour velocity in column = 1.10 ft/sec 
x 2.5 Magnification 
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(a) t = 0.0 (d) -3 t = 5.00 x 10 secs 
(b) 
. -3 
t = 1.67 x 10 secs (e) -3 t = 6.67 x 10 secs 
(c) -3 t = 3.33 x 10 secs (f) -3 t = 8.33 x 10 secs 
Plate 3,8 Disc Colum~ Benzene/n-Heptane, Liquid Turbulence 
Film taken at base of disc 12 
Approximate composition at disc 12 = .29 mole fr. benzene 
Approximate vapour velocity in column = .98 ft/sec 
x 3.5 Magnification 
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i,1 T I ., " 
(a) t = 0.0 (d) 
-3 
t = 15.0 x 10 secs 
-3 (b) t = 5.0 x 10 secs (e) t = 20.0 x secs 
-3 (c) -3 t = 10.0 x 10 secs (f) t = 25.0 x 10 secs 
Plate 3.9 Disc Colunm, Ethanol/Water, Stable Liquid Film 
Film taken at centre of column 
Approximate composition at disc 9 = .31 mole fr. ethanol 
Approximate vapour velocity in column = 4.24 ft/sec 
x 3 Magnification 
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(a) t = 0,0 (d) -3 t = 21,1 x 10 secs 
-5 -3 
(b) t = 6,85 x 10 secs (e) t = 23,4 x 10 secs 
-3 (c) -3 t = 17,1 x 10 secs (f) t = 25,7 x 10 secs 
Plate 3,10 Disc Column,Ethanol/Benzene,Thermal Distillation 
Film taken at base of 14 
Approximate composition at disc 14 = ,88 mO~9 fr, ethanol 
Approximate vapour velocity in column = 1,10 ft/sec 
x 2,5 Magnification 
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bubbles formed were very similar to those mentioned in the previous 
section for ethanol/water and were also interpreted as being examples 
of thermal distillation. The only difference between these bubbles 
and those formed with ethanol/water was that they were rather less 
than half the size and had a much shorter life (a typical life span 
of 0,03 secs, compared with 0.5 secs. for ethanol/water). 
The position of,the spray site at the base of the vertical 
portion of the flat face of a disc led to speculation that the phen-
omenon was similar to a simple waterfall, where spray is thrown out 
when the water hits the pool surface at the base of the waterfall. 
This argument is weakened to some extent by the evidence presented in 
Plate 3.5 of spray appearing at the top of the vertical face (Film 3) 
but more particularly by the lack of spray with positive systems, 
even with comparitively high flow rates. If it was a simple water-
fall effect, increasing the flow rate would increase the amount of 
spray. Films 3 and 4 did not indicate this. Another strong argu-
ment against a simple waterfall effect is that this explanation would 
be satisfied if spray was produced at all the disc junctions for 
similar operating conditions. This did not happen. 
The discs had been packed tightly in position on the supporting 
stainless steel stud using PTFE tape, Operation of the column had 
resulted in the PTFE becoming worn and some of it was beginning to 
appear between the discs. In order to rule out any possibility that 
this was having an effect upon the hydrodynamics of the column, the 
column was dismantled and the discs repacked with fresh tape. The 
change did not appear to make any difference. 
were taken on the repa~!{zd cQlumn. 
Films after Film 6 
As illustrated in Plates 3.5 and 3.6, not all the liquid drop-
lets ejected were of a spherical shape. Many of them were of a more 
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elongated needle like form. These plates show that the elongated 
droplets left the liquid surface much more explosively than the 
spherical droplets. Plates 3.7 and 3.8 show cases in which the 
activity at the surface is just insufficient to allow droplets to 
be ejected. Of interest is the way in which these protrusions 
appear at the surface and suddenly disappear back into the liquid. 
Even if the protrusions do not give rise to droplets being ejected, 
they do result in ripples being ·produced. 
The repulsion of the protrusion from the surface appears to be 
a similar phenomenon as that observed by Ellis and Biddulph (ref. 52) 
when artificial eddiJs were repelled by the surface with negative 
mixtures. In the disc column, the continual arrival of eddies at 
the surface and their repulsion is likely to give rise to a distorted 
surface. The situation is analagous to projectiles hitting an elastic 
sheet and bouncing back. The ·elastic sheet is momentarily deformed. 
The ripple frequency in Table 3.2 was measured by counting the number 
of ripples in the liquid film which passed a fixed point on the sur-
face of the disc. Tabl.e 3.2 shows high ripple frequencies for runs 
with the negative mixtures compared to the run with ethanol/water 
(Film 15). This is consistent with the distorted surface expected 
with negative mixtures. 
Ellis and Biddulph found that with positive systems artificial 
eddies, arriving at the interface, spread out over the surface. This 
was caused by the surface tension gradient set up by the low surface 
tension of the eddy arriving at the surface compared to the generally 
higher surface tension of the remainder Of the surface. Eddies 
spreading over the surface are likely to result in a smoothening of 
the liquid surface. Film 15 for ethanol/water shows a very smooth 
surface (Plate 3.9) and this is also reflected in the low ripple 
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frequency measured using this film. 
These films are consistent with those of Ellis and Biddulph 
and indicate that positive systems are likely to give rise to higher 
liquid side mass transfer coefficients. With positive systems eddies 
from the interior of the liquid are spread out over the surface. 
This increases the rate of surface renewal. With negative systems 
eddies arriving at the interface are repulsed by the surface tension 
gradients and this reduces the rate of surface renewal. 
An attempt was made to explain the ejection of droplets on the 
basis that sometimes eddies arriving at the surface have sufficient 
energy to break through the surface. The argument of Boyes and 
Ponter (ref. 44) would then explain why a droplet was detatched: 
The eddy arriving at the surface has a higher surface tension 
than that of the surrounding surface. I f the eddy 'necks', the. 
neck would approach equilibrium more rapidly due to the smaller vol-
ume of liquid involved. This results in the neck having a smaller 
surface tension than the 'head' and detatchment of the head would' 
follow due to the Maragnoni forces. 
The chief objection to the theory that droplet ejection is a 
resul t of the interaction of tU'rbulence and Maragnoni forces is the 
same as for the 'simple waterfall theory'. It fails to explain why 
similar junctions under similar operating conditions do not behave 
in the same way. It also fails to explain why a spray cannot always 
be reproduced at exactly the same pOint for successive runs with app-
arently indentical operating conditions. 
Whatever the cause of the spray, it was considered possible 
that on account of the rapid frequency of the droplets the interfacial 
area might be appreciably increas~d. This would result in a cor-
responding increase in column efficiency. The increase in interfacial 
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area may be expressed as the interfacial area of the droplets formed 
in 1 sec. at the observed site, divided by the surface area produced 
in 1 sec. by the liquid stream flowing over the surface of 1 disc. 
This quotient is multiplied by 100 and quoted in Table 3.2. A 
sample calculation is shown in Section 8.7. The increase in surface 
area caused by spray is in no case greater than 5%. In addition to 
this the largest number of spray sites observed in the column for any 
one run was only 16. It was concluded that the effect of spray on 
distillation efficiencies is quite small. 
This conclusion is in opposition to Fig. 3.6 which indicates 
that NOG for negative mixtures are as much as 50% higher than NOG 
for positive mixtures, when account is taken of partial wetting. 
This will be commented on in Section 5.3. 
The conclusions drawn from the photographic study of the disc 
column are: 
1. The behaviour of the liquid film is consistent with the photo-
graphic study of Ellis and Biddulph - i.e. Eddies arriving at 
the surface with positive solutions are spread over the surface 
and hence mass transfer is enhanced. On the other hand with 
negative solutions, the eddies are repulsed from the surface 
which leads to suppression of the mass transfer rate and dis-
tortion of the liquid surface. 
2. The sprays which are formed with negative solutions have only 
a small effect upon the liquid/gas interfacial area. 
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Horizontal Disc Column 
3.6. Description of Horizontal Disc Column. (similar to that in ref. 43) 
The apparatus basically consists of a glass wetted wall distil-
lation column made up of 4,,5 cm. diameter sections (see :1 scale sketch, 
Fig. 3.7; photograph, Plate 3.11). The liquid to be distilled is 
boiled in a 1 litre Quickfit flask, the heat being supplied by a 300 
watt Electrothermal isomantle fitted with a power controller. The 
vapour produced in the still travels up the column where it is brought 
in contact with liquid returning under total reflux from a 30 cms 
overall length Quickfit water condenser. 
A sampling point is set in the wall of the column approximately 
23 cms. above the neck of the reboiler flask. This is used to con-
duct a sample of the liquid on the wall through fipe bore glass tubing 
to the surface of a polished stainless steel disc (3 cm. diameter, 
0.77 cm. thickness), through a 2 mm. diameter hole cut through the 
centre of the disc. This hole was enlarged at its base and used to 
hold the glass tube running up the centre of the column. The disc 
was supported in position by this arrangement and the jOint formed 
between the disc and the' glass tubing was sealed with 'Silastic' 
solvent resistant fluorosilicone rubber. The upper surface of the 
disc was about 0.5 cm. below the sampling point in the wall. It was 
found that this difference in height enabled the liquid to flow freely 
round the fine bore tubing to the disc, yet allowing the liquid reach-
ing the disc to have essentially the same composition as the bulk 
liquid on the wall' opposite it. 
The whole surface of the distillation column was surrounded 
with a layer of glass wool to cut down heat losses. The only areas 
left uncovered were two 'windows' ,of optically flat glass (3.18 cm. 
diameter) placed opposite each other at the same height as the disc, 
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FIG 3.7 SINGLE DISC DISTILLATIQ\J COLUMN 
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Plate 3,11 Single Disc Column 
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thus allowing the behaviour of the liquid on the disc to be observed. 
During operating conditions condensation formed on the windows making 
poor conditions for photographic observation of the liquid on the 
disc. This problem was overcome by heating the window wi th a 250 
watt 'Cryelco' infra red reflector lamp radiating obliquely onto the 
window from a distance of about 1 ft. so as to minimise any possible 
effect of its heat upon the liquid behaviour. This was found to be 
just sufficient to dry one of the glass windows. The infra red 
lamp was only used for photographic runs. 
A PTFE/glass 3-way tap was included at the lowest point of the 
recirculating line to enable samples of liquid to be withdrawn for 
analysis. A ball and socket joint was used in the recirculating 
line to facilitate dismantling and assembling of tr.e equipment. 
This was also sealed with 'Silastic'. 
'Bumping' was prevented by covering the bottom of the reboiler 
with 3/16 in. diameter glass spheres which had been carefully cleaned 
with chromic acid, washed in distilled water and acetone and dried in 
a hot oven. 
3.7. Experimental Procedure with Horizontal Disc Colwnn. 
The apparatus was dried by maintaining it in a heated drying 
cabinet for several hours.' When drying was completed, the apparatus 
was assembled as in Fig. 3.7 and the still charged with liquid to be 
distilled until it was just over half fUll. The column and its con-
tents were kept free from moisture during operation by maintaining a 
funnel of silica gel at the top of the condenser. The cooling water 
for'the condenser was turned on and the isomantle switched on to give 
the required heat to the reboiler. With ethanol/benzene and benzene/ 
n~heptane mixtures the power contr,oller was set at 0.73. However, 
for ethanol/water this setting proved insufficient to provide steady 
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distillaiion and it was found necessary to operate the isomantle 
with full power (setting 1.0). 
With each system it was necessary to adjust the levelling 
screws to ensure that some of ·the liquid actually ran into the 
sampling trap. Tap 'A' (Fig. 3.7) was opened, allowing the liquid 
to flow freely round the tubing to the top surface of the disc. As 
the distillation proceeded, the liquid on the disc surface was con-
tinuously replenished with fresh liquid of composition equal to that 
of the·bulk liquid flowing down the wall of the column. This means 
that mass transfer is continuously taking place in the liquid on the 
surface of the disc equivalent to total reflux conditions. 
The distillation was allowed to proceed for about an hour and 
a half, and then a careful note was made of the condition of the 
liquid surface on the disc. Tap 'A' was then closed and the con-
dition of the liquid surface was again immediately and carefully 
observed. 
A sample of liquid was then removed for analysis from the 
sampling point at the base of the recirculating loop. The ethanol/ 
water mixtures were analysed using their density, and the ethanol/ 
benzene and benzene/n-heptane systems were analysed by the refractive 
index method. 
3.8 Discussion of the Horizontal Disc Column Observations. 
Preliminary runs on the single horizontal disc column with 
ethanol/benzene confirmed the observation of Boyes and Ponter (ref. 43) 
that droplets could be ejected from the surface of the liquid with 
negative systems. However, this was only seen to occur at the centre 
of the disc immediato~y 2.bc·J8 t!1e hcle. Droplets were ejected 
whether or not the liquid on the disc was being continously replenished. 
The droplets occasionally fell back on the liquid surface where 
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they might bounce several times before either being absorbed in the 
liquid or falling off the edge. The fact of the droplets falling 
back into the liquid indicated that they themselves were heavier 
than the surrounding vapour and were therefore discounted as being 
bubbles. Secondly the phenomenon of 'bouncing' could probably be 
explained on the grounds that the droplets had a higher surface ten-
sion than that of the general liquid surface. 
It was very difficult to make any clear conclusions as to the 
actual mechanism of droplet ejection on account of both the speed 
and the small size of the phenomenon. For this reason it was de-
cided to film the turbulence using high speed photography (1000 frames/ 
sec. ) The first film taken, AI, was of the area immediately above 
the hole just after circulation of the liquid was stopped. 
film sequence from this film is shown in Plate 3.12. 
A typical 
The first photograph (a) in the sequence shows a drop bouncing 
across the surface after being ejected. The liquid surface immed-
iately above the hole is relatively quiet. In all the sequences 
examined, the first step appears to be a deep depression (b) being 
formed in the liquid (referred to as 'crater'). A protrusion of 
liquid is then seen to develop from the centre of the crater (c), 
growing rapidly in size (d) when either necking and droplet ejection 
take place (e) or the protrusion merely collapses. 
Necking and the consequential separation of droplets from a 
protrusion can be explained by the mechanism suggested by Boyes and 
Ponter (ref. 44) and reported in the literature survey. However, 
for both the disc column and the horizont~l disc column, the original 
caUSe of the protrusions have not been satisfactorily explained. The 
film sequence on Plate 3.12 shows that the appearance of the protru-
sion is subsequent to that of the crater, and it is therefore reason-
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able to believe that any explanation of the protrusion should take 
into account the crater. 
One possible cause of the crater appearing is that there is a 
leakage in the glass tubing or at the sealed joint. This possibility 
was ruled out because the disc would soon have become depleted of 
liquid if this was the case. 
Another possible explanation of the crater is that it was 
caused as a result of the previous droplet being ejected. This 
explanation is unsatisfactory because there was a period of relative 
calm between ejection of the droplet and the appearance of the next 
crater. Furthermore the size of the crater appears to be much 
larger than the size of the droplets produced. 
In order to gather further information about the phenomenon 
and general turbulence of the liquid surface, four further films were 
taken whose field of view covered most of the disc surface. Details 
of the experimental conditions and measurements of drop sizes, veloc-
ities and frequencie~ are.shown in Table 3.3. This table also 
includes the 'ripple frequency' which was measured by counting the 
number of photographic 'highlights' to pass a fixed point on the disc's 
surface during a period of about 2000 frames. 
One of the most interesting features of these results was the 
large droplet frequency for Film A2. Unfortunately the film had been 
too exposed and it was not possible to see exactly what was happening 
to the liquid surface above the centre of the disc. Measurements 
taken from the film A2 indicate that the velocities of the droplets 
were higher than for Al and furthermore that· the shape of the droplets 
was more needle like. These results indicate that for some reason 
the energy behind the phenomenon filmed in A2 was greater than for. AI. 
Although it was originally thought that operating conditions in the 
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two cases were identical, different lighting techniques for photog-
raphy were used for the two films. In addition to the large Xenon 
pulsed arc light used for illumination for both films, the second 
film made use of side lighting produced from a 2000 watts Iodine/ 
Quartz lamp. 
After taking Film A2, tap 'A' was kept closed for a further 
3 hours, allowing the liquid on the disc and in the circulating tube 
to approach closer to equilibrium with the vapour above the disc. 
(The volume of liquid between tap 'A' and the top of the disc is 
approximately 6 ccs.) After this time had elapsed the turbulence 
and droplet ejection became spasmodic, but could be consistently 
reproduced by switching on the large Xenon arc light. Film A3 was 
taken on such an occasion. This film showed a decrease in activity 
compared with Film A2. As identical lighting was used, the decrease 
in activity and its spasmoclic nature was attributed to the liquid 
being closer to equilibrium conditions. The relationship between 
the energy supplied by the lighting and ·the activity on the disc was 
again apparent in that switching on the arc light produced droplet 
ejection and turbulence. 
On account of this relationship, films A4 and A5 were illumin-
ated with the arc light shielded by a 1" deep saturated copper sulp-
hate solution contained between 3/16 in. perspex sheets in the form 
of a perspex box 9 in. square. (Copper sulphate solution is a recog-
nized filter for removing infra red radiation). Films A4 and A5, for 
benzene/n-heptane show a similar amount of turbulence to that recorded 
in Film Al for ethanol/benzene. However, the value of this comparison 
is limited bp-causa differEnt aystems were being used. Furthermore 
the influence of the Quartz/Iodine lamp is uncertain. 
In order to obtain further information regarding the mechanism 
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of droplet ejection a survey was made of the effect of composition 
upon surface activity of the liquid on the disc. Three systems 
were chosen for this investigation - benzene/n-heptane (surface 
tension negative), ethanol/water (surface tension positive) and 
ethanol/benzene (showing. both positive and negative characteristics). 
The infra red lamp was not used. It was dispensed with because of 
the evidence that external heat sources effect the level of turbu-
lence on the disc. It was however, still possible to visually 
observe the liquid surface without it. The results of this experi-
mental survey are shown in Tables 3.4, 3.5 and 3.6. 
Tables 3.4 and 3.6 confirm the observation of Boyes and Ponter 
that droplets are ejected with some compositions with surface tension 
negative mixtures. With the system benzene/n-heptane 
there is a greater tendency for doplets to be ejected immediately 
after circulation of fresh liquid has been stopped compared to when 
circulation of the liquid takes place. Droplets are not ejected for 
either of the pure components, or for mixtures with concentrations 
greater than 0.860 mole ,fraction benzene. There is no apparent rea-
son for the lack of activity at the surface between 0.305-0.548 mole 
fraction benzene. 
With the system ethanol/benzene, in the range of concentrations 
greater than 0.45 mole ,fraction ethanol, the system is surface tension 
negative. Droplets are only formed for concentrations greater than 
0.715 mole fraction ethanol. This corresponds to the concentration 
* h " t' (' a range were lt lS most nega lve 1.e. 0 is at its lowest) and when 
the difference between the dew point and the boiling point (6t) is 
maximum. 
On the other side of the azeotrope (i.e. concentrations lower 
than 0.45 mole fraction ethanol) droplets are ejected for concentrations 
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Table 3.3 Analysis of Films - Horizontal Disc Column. 
Film No. Al A2 A3 A4 A5 
ethanol ethanol ethanol benzene benzene System benzene benzene benzene n-hoptane n-heptane 
Concentration 
of M. V.C. in 0.976 0.976 0.976 0.277 0.556 
reboiler 
surface ten-
negative 
sion type negative negative negative negative 
variac 0.735 0.735 0.735 0.735 0.735 reading 
-time after 
stopping 
circulation immediately immediately that the 3 hours immediately immediately 
,film was 
taken 
-
ripple 
frequency - -97 50 109 104 
(number/sec) 
droplet 
frequency 4 98 1 3 4 
(numbe r / sec) 
average 
length of 0.02 0.04 0.05 0.03 0.03 
droplets (ins) 
average dia-
meter of 0.009 0.004 0.01 0.01 0.005 
droplets (ins) 
average 
veloci ty of 0.5 '2.3 2.0 1.7 1.3 
droplets 
Lighting Simmering Simmering Simmering Simmering Simmering 
Xenon Xenon Xenon Xenon Xenon 
pulsed arc pulsed arc. pulsed arc. pulsed arc pulsed arc 
only Side Side light light 
lighting lighting shielded shielded 
with 2000 with 2000- with CuS04 with CuSO watts I.Q. watts I.Q. '1 
solution. solution. lamp. lamp. Side Side 
lighting lighting 
with 2000 with 2000 
watts I.Q. watts I.Q. 
lamp. lamp. 
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(a) t=O,O (d) t = 20,0 x 10 secs 
(b) -3 t = 14,2 x 10 secs (e) -3 t = 20,8 x 10 secs 
(c) -3 t = 17,5 x 10 secs (f) -3 t = 23,3 x 10 secs 
Plate 3,12 Horizontal Disc, Ethanol/Benzene, Droplet Ejection 
Composition of liquid in still = ,976 mole fr, 
ethanol 
x 5 Magnification 
Conditions of total reflux, surface tension negative region 
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Table 3.4 
Composi tion 
(mole fraction 
benzene) 
0.0 
0.025 
0.100 
0.225 
0.228 
0.305 
0.375 
0.425 
0.431 
0.548 
0.663 
0.725 
0.733 
0.775 
0.820 
0.845 
'0.860 
0.980 
1.000 
I 
Liquid Behaviour on Horizontal Disc 
- Benzene/n-Heptane 
Condi tion of Liquid Surface 
* 
0-
with without q- dynes 
0" circulation circulation cm 
to disc to disc 
motionless motionless 1.000 13.20 
motionless droplets 0.999 13.23 
ejected 
slight droplets 0.995 13.35 trembling ejected 
turbulence droplets 0.979 13.60 
ejected 
turbulence droplets 0.979 13.61 
ejected 
motionless motionless 0.971 13.82 
motionless motionless 0.969 14.05 
motionless motionless 0.961 14.27 
motionless motionless 0.961 14.26 
motionless motionless 0.951 14.80 
turbulence droplet 0.951 15.48 
ejection 
slight droplet 0.954 15.95 trembling ejection 
slight 
turbulence 0.954 16.03 trembling 
slight droplet 0.957 16.43 trembling ejection 
motionless droplet 0.960 16.98 
ejection 
motionless droplet 0.962 17.38 
ejection 
motionless motionless 0.965 17.67 
motionless motionless 0.994 20.42 
motionless motionless 1.000 21.00 
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6t 
=t -t D B 
°c 
0.0 
0.6 
1.8 
2.9 
2.9 
3.4 
3.4 
3.4 
3.4 
2.8 
1.9 
1.5 
1.5 
1.2 
1.0 
0.8 
0.7 
0.1 
0,00 
Table 3.5 Liquid Behaviour on-Horizontal Disc 
.- Ethanol/Water 
Composition Condition of Liquid Surface er 6t 
(mole fraction 
* with without Q" dynes =t -t ethanol) D B 
circulation circulation er cm 0 to disc to disc C 
0.0 motionless motionless 1.00 59.0 0.0 
0.020 gentle gentle 1.16 45.8 4.6 bubbling bubbling 
0.030 gentle gentle 1.22 43.5 6.0 bubbling bubbling 
0.113 frothy frothy 1.57 31.5 11.5 bubbles bubbles 
0.225 violent violent 1.77 25.3 11.7 bubbling bubbling 
originating originating 
in glass in glass 
tube tube - disc 
tends to 
become dry 
0.358 as above as above 1.73 21.7 9.0 
0.375 as above as above 1.69 21.7 8.5 
0.443 as above as above 1.59 20.8 6.2 
0.448 slow slow 1.58 20.7 6.0 bubbling bubbling -
area round 
hole 
becomes dry 
0.452 slight slight 1.57 20.7 5.9 
trembling trembling 
0.564 slight motionless 1.19 19.7 2.7 trembling 
0.600 motionless motionless 1.11 19.4 2.0 
--
0.695 motionless motj.onless 1.04 18.8 0.6 
0.708 motionless motionless 1.04 .18.8 0.4 
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Table 3.6 Liquid Behaviour on Horizontal Disc 
- Ethanol/Benzene 
Composi tion Condition of Liquid Surface 
* 
(J' 6t (mole fraction 
with without 9: dynes =t -t 
ethanol) 
circulation circulation (J' D B cm 
to disc to disc °c 
0.0 motionless motionless 1.000 20.50 0.0 
0.053 droplets general 0.998 20.76 4.1 
ejected turbulence 
0.147 
bubble bubble 0.985 20.94 7.1 formation formation 
0.260 bubble bubble 1.005 20.72 4.9 formation formation 
0.325 bubble bubble 1.030 20.49 3.0 formation formation 
0.405 motionless motionless 1.030 20.25 0.5 
0.459 motionless motionless 1.000 20.10 0.0 
0.495 motionless motionless 0.980 20.01 0.2 
0.580 motionless motionless 0.957 19.74 1.3 
0.637 motionless motionless 0.9'15 19.54 2.5 
0.715 droplets droplets 0.940 19.25 3.9 
ejected ejected 
0.755 droplets general 0.937 19.10 4.5 
ejected turbulence 
0.787 droplets droplets 0.940 18.96 4.7 
ejected ejected 
0.870 droplets droplets 0.955 18.48 4.9 
ejected ejected 
0.905 droplets droplets 0.965 18.22 4.8 
ejected ejected 
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around 0.053 mole fraction ethanol. This is consistent with the 
* ratio g: which is less than unity for concentrations below 0.26 
mole fraction ethanol. 
Between the concentrations 0.147 and 0.325 mole fraction 
ethanol the behaviour of the surface was masked by the appearance 
of bubbles at the surface of the liquid immediately above the hole. 
In this concentration range the difference between the dew point and 
bubble point was greatest. Bubble formation also occurred with the 
system ethanol/water (Table 3.5). In the" concentration range, 
0.225-0.443 mole fraction ethanol, when ~t was large?t, the bubble 
formation was violent. Many of the bubbles in this concentration 
range originated inside the central glass tube and could be seen 
through its wall. When the supply of fresh liquid LO the disc was 
cut off, the liquid in the top of the tube and on the disc surface 
dried up. 
The observations of the stationary sessile drop show that drop-
* lets were only ejected from its surface when ~ was less than unity. 
They did not necessarily occur at the lowest value of this ratio. 
There was not any clear relationship between the intensity of droplet 
ejection and the value of this ratio. 
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PHYSICAL PROPERTIES 
PHYSICAL PROPERTIES 
In this section the methods of obtaining the physical properties 
of the binary mixtures used are described. These properties are 
presented in a graphical form in Section 8.1., figures 8.1.1 to 8.1.85. 
4.1. Vapour/Liquid Equilibrium Data 
The data used in this project are summarized in table .4.1. showing 
the appropriate figure number of the appended graphical presentation in 
Section 8.1. The points actually shown on the graphs come ·from the 
references marked with an asterisk. 
4.2. Dew Point and Boiling Point Data 
The data used were from exactly the same sources as the vapour/ 
liquid equilibrium data. The diagrams are shown in figures 8.1.10 to 
8. 1.lS .' 
4.3. Liquid Properties at the Boiling Point 
Whenever experimental data were available at the boiling point 
these were used. Otherwise data were extrapolated from those of lower 
temperatures, if they were available, or calculated from the data of 
pure components if data for the mixtures were missing altogether. 
The viscosities at the boiling point for acetone/benzene and 
chloroform/benzene were calculated from the equation developed by Tamura 
and Kurata (ref.S9 , p.216), which is 
I-Imix = (4.1.) 
where xl x 2 = mole fractions of components 1 and 2 
1-11 ,1-12 .= viscosity of pure components 
1-112 = viscosity of in terac ting substances as defined 
on p.216 of ref. 89. 
~\, °2 = volume fraction of componen ts. 
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TABLE 4.1. EQUILIBRIUM DATA 
System 
methanol/water 
ethanol/water 
n-propanol/water 
isopropanol/water 
methanol/benzene 
ethanol/benzene 
Fig. No. in 
Appendix (8.1.) 
8.1.1. 
8.1.2. 
8.1.3. 
8.1.4. 
8.1.5. 
8.1.6. 
acetone/benzene 8.1.7. 
chloroform/benzene 8.1.8. 
benzene/n-heptane 8.1.9. 
Source Reference 
Cornell and Montanna (ref. 58 *) 
Hughes and Maloney (ref. 59 ) 
Carey and Lewis (ref. 60 *) 
Baker and Hubbard (ref. 62 ) 
Othmer and Moeller (ref. 63 ) 
Boebe, Coulter, Lindsay and 
Baker (ref. 64 ) 
(confirmed by Hala et. al., 
page 293 of ref. 65 ) 
Gadwa (ref. 66 *) 
Sorel (ref. 67 ) 
Brunjes and Bogart (ref. 68 *) 
(confirmed by Hala et. al., 
page 293 of ref.65) 
Fri tzweiler and Dietric (ref. 69 *) 
William, Rosenberg and 
Rothenberg (ref. 70 ) 
Kafarov and Gordievskii (ref.71 ) 
Fritzweiler and Dietric (rof.62 *) 
Drickamer, Brown and White (ref.72) 
othmer (ref.73 *) 
Kavanich et. al. (ref. 74 ) 
Tyrer (ref.75 *) 
McDowall (ref .76 ) 
Zuiderweg (ref.77 *) 
Myers (ref.78 ) 
~-------------------------~--------------------------
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TABLE 4.2. 
System 
methanol/water 
ethanol/water 
n-propanol/water 
isopropanol/water 
methanol/benzene 
ethanol/benzene 
acetone/benzene 
chloroform/benzene 
benzene/n-heptane 
footnote: 
SOURCE OF LIQUID PHYSICAL PROPERTIES AT THE BOILING POINT 
Density Viscosity Diffusivity Surface Thermal 
Tension Conductivity 
57 57 91 57 98 
- -
15 - 0, 20, 60 
8.1.19 8.1.28 8.1.37 8.1.46 8.1.55 
79 86 92 95 98 
15,30,50,70,60 - - 20, 40, 70 0,10,60,80 
8.1.20 8.1.29 8. 1.38 8.1.47 8.1.56 
41 41 91 12 98 
- - 11 - 0,20,80 
8.1.21 8.1.30 8.1.39 8.1.48 8.1.57 
80 80 91 12 98 
- - 16 - 0.80 
8.1.22 8'.1.31 8.1.40 8.1.49 8.1.58 
81 81 1l 12 98 - - -
8.1.23 8.1.32 8.1.41 8.1.50 8.1.59 
81 81 93 96,97 98 
- - 25.1 10,25,46,78 -
8.1:24 8.1.33 8,1,42 8,1,51 8,1.60 
82,83,84 87 93 12 98 
6, 25, 30 - 25,1 - -
8.1.25 8,1.34 8, 1.43 8.1.52 8,1,61 
85 87,88 91 12 98 
10,20,30,40,50,60 - 15 - -
8,1,26 8,1,35 8,1,44 8,1,53 8,1.62 
56 90 94 90 98 
- - - - -
8.1.27 8.1,36 8.1,45 8,1,54 8,1,63 
top line represents references 
middle line, the temperatures at which data is available (oC) 
bottom line, figure number in thesis. 
Specific Heat 
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2.5, 21, 40 
8.1.64 
100 
-
8.1.65 
~:5, 23, 40 
8.1.66 
101 
-
8.1.67 
102 
8.1.68 
102 
-
8,1,69 
102 
-
8,1.70 
102 
-
8,1,71 
102 
-
8,1,72 
With the exceptien .of ethanel/water and benzene/n-heptane, the 
diffusien ceefficients were extrapelated frem these at lewer temperatures 
using the Stekes/Einstein equatien (ref. 89, p.284) in the ferm: 
= . (4.2.) 
The thermal cenductivi ties .of the binary .organic systems were 
calculated as being equal te the sum .of the mele fractien weighted 
thermal cenductivities .of the pure cempenents. The specific heats 
.of the binary .organic systems were calculated in the same manner. 
4.4. Vapeur Preperties at the Dew Peint 
Vapeur Density at Dew Peint 
They were all cemputed en the basis that 1 lb. mele .occupies 359 
ft.3 at 273eK and atmespheric pressure. 
p 
v 
= M 
359 
x 273 
273 + t 
where t = dew·peint .of mixture, eC 
M = melecular weight .of mixture 
= + 
where = melecular weights .of pure cempenents 
xl' x2 = mele fractien .of pure cempenents 
Vapeur Viscesity at Dew Peint 
(4.3. ) 
Fer methanel/water and ethanel/water these were determined 
experimentally by Silgard.o and Sterrew (ref.103). Other vapeur viscesities 
.of the binary mixtures were determined frem the pure cempenent viscesities 
at the dew peint. us;,ng tr.p. rE'latiC"nship obtaIned by Wilke (ref.104) and 
reported in ref. 89, p.200. 
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Wilke's equa tion is: 
~mix = ~l + ~2 (4.4.> 
1 +(~:) 012 1 +CJ 021 
Where 
~mix = vapour viscosity of the mixture 
~l'~2 = vapour viscosity of the pure components 
Yl'Y2 = mole fraction of components 
012 and 021 are defined: 
, 012 = 
(4.5. > 
= (4.(;.> 
where 
Ml ,M2 = molecular weights of components 
With the exception of' n-heptane, the vapour viscosities of the 
pure components were all taken from p.191 of ref.89 '. The Hirschfelder 
equation cited on p,198 of ref.89 was used to calculate the vapour 
viscosity of pure n-heptane:-
o 
~ = 0.0026693 
v 
104 
(4.7.> 
o 
where ~ ~ viscosity in centipoise 
M ~ molecular weight 
T ~ absolute temperature, oK 
a ~ collision diameter, A ) obtained from pages 270, flv ~ collision integral 187 of ref. 89 . 
The graphs showing the vapour viscosities of the binary systems 
at their dew· points are shown in Figs. 8.1.73 to 8.1.81. 
Vapour Diffusion Coefficients at Dew Point 
These were calculated using the Gi11iland equation (p.268, ref. 89) 
where 
D 
v 
~ 
3/2 0.0043 T 
2 D ~ vapour phase diffusion coefficient, cm /sec. 
v 
T ~ dew point of vapour, oK 
p ~ total pressure, Atm. 
Ml ,M2 
~ molecular weight of diffusing gases 
(4.8. ) 
Vbl , Vb2 
~ molecular volume of liquid components at their normal 
boiling poin ts. 
For the systems investigated this equation becomes: 
methanol/water: 
. -5 3/ 2 
D ~ 14.70 x 10 T 2 ft. /hr. (4.9. ) 
v 
ethanol/water: 
-5 3/ 2 
D ~ 10.46 x 10 T 2 ft. /hr. (4.10) 
v 
n-propanol/water: 
3 . 
-5 T /2 2 (4.11) D ~ 9.016 x 10 ft. /hr. 
v 
iso-propanol/water: 
. -5 3/ 2 
D ~ 9.089 x 10 T 2 ft. /hr, (4.12) 
v 
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methanol/benzene: 
-5 3/ 2 
D = 5,365 x 10 T 2 ft, /hr, (4, 13) v 
ethanol/benzene: 
-5 3 2 
D = 4,20 x 10 -T /2 ft, /hr, (4,14 ) v 
acetone/benzene: 
-5 T3/2 2 (4,15) D = 3,685 x 10 ft, /hr, v 
chloroform/benzene: 
-5 3/ 2 
D = 3,013 x 10 T 2 ft, /hr, (4,16 ) v 
benzene/n-heptane: 
D = v 
2,48 x 10 
-5 T3h 2 (4,17) ft, /hr, 
4,5, Calibration Curves 
With the exception of ethanol/water, concentrations were 
measured by the refractive index method, The calibration curves of 
refractive index vs, composition for each system are shown in 
figures 8,1,82 to 8,1,84, Ethanol/water mixtures were analysed by 
measuring the density with a pyknometer because of poor refractive 
index characterisatics. The calibration curve of density vs. 
composition is shown in Fig, 8,1,85, 
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DISCUSSION -
MASS TRANSFER COEFFICIENTS 
DISCUSSION ~~SS TRANSFER COEFFICIENT 
5.1. Discussion on Vapour Side Mass Transfer Coefficients 
. The vapour side mass transfer correlation developed in this 
Section is to be used in Section 5.2 in the calculation of liquid 
side mass transfer coefficients. It is therefore essential that this 
correlation be reliable for as wide a range of experimental conditions 
as possible. The experimental runs used by Kurukchi to develop a 
vapour side correlation involved rather a narrow range of Schmidt 
numbers. (0.47-0.71) This narrow range is a probable reason for his 
obtaining a smaller dependency of vapour side mass transfer coefficients 
upon molecular diffusivities than other workers. His results were 
therefore augmented by experimental work conducted on a similar 
column (Section 8.2) at UMIST (rei. 56) for n-propanol/.vater, and sult-
able runs conducted during this project and reported in Section 3.1. 
Altogether 270 runs were used as shown in Table 5.1. They represented 
a larger range of Schmidt numbers (0.47-1.02). All the points chosen 
corresponded to small-slopes on the equilibrium curve (m<:0.86). 
The literature survey indicated that one equation is probably 
insufficient for the vapour side correlation: Kurukchi's correlation 
matched those obtained for absorption during turbulent conditions 
fairly well but cannot be expected to be as accurate at lower vapour 
Reynolds numbers. 
In calculating the experimental vapour side coefficients 
exactly the same method as Kurukchi was followed. Kurukchi's use of 
, ~* 
m = dx at the average composition in the column was fOllowed. It 
was pOinted out in the literature survey that 'm' in equation (2.31) 
is in reality the slope of the chord BC in Fig. 2.1. As the runs 
chosen for the vapour side correlation all corresponded to small slopes 
of the equilibrium curve the contribution of the liquid side to the 
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overall resistance to mass transfer was small and point B approaches 
point c. Furthermore in all the cases used the equilibrium curve 
, 
was relatively straight and therefore the use of m = m is justified. 
A sample calculation for the vapour· side coefficient is included in 
Section 8.4. 
, 
Kurukchi showed that the. vapour side coefficient kG ' included 
, 
in the Sherwood number (Sh
v 
= kGd/Dv) could be correlated with the 
vapour phase Reynold's number (Re = G d /~ ). 
v e v 
This procedure was 
followed and is shown graphicaily in Fig. 5.1. Strictly speaking 
the length dimension for Re should have been the disc diameter. 
v 
However, all other workers have used the equivalent diameter of the 
column, d , and therefore their example was followed for the sake 
e 
of comparison. It is to be noticed that the disc dimensions are 
taken into account in the calculation of the equivalent diameter. 
(Sec tion 3.2). 
Attempts to cross plot Sh with Sc at different but constant 
v v 
values of Re showed that the dependency of Sh on Sc varied 
v v v 
according to the size of Re . 
. v A general trend was noticed of the 
dependency increasing with increasing Re. Fig. 5.2 shows two typical 
v 
plots. These changes in vapour side characteristics were expected 
from the literature survey. It is to be recalled that the work of 
Stephens and Morris, Taylor and Roberts and Warner (refs. 8, 11, 20) 
all pointed to the existence of such variations in a disc column. 
Houston and Walker (ref. 19) also showed that this could be expected 
in packed columns as well. 
Mass transfer into the vapour strea~ from liquid covering the 
discs has clear analogies to mass transfer from a flat plate. In 
the latter case local mass transfer coefficients may be calculated 
using equations (2.41) and (2.42). These two equations ar" applicnble 
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for mass transfer through the laminar and turbulent boundary layers 
respectively. Depending upon the position on the surface of a disc 
or the velocity of the vapour stream,mass transfer is basically 
according to one or the other of the two equations. For anyone 
experimental run it is possible that both conditions are existing 
over the surface of the discs. . For low vapour velocities the rela-
tive contribution of (2.41) is important and for high vapour velocities 
the relative contribution of (2.42) becomes dominating. (Equations 
2.41 and 2.42 were derived in ref. 15) 
It was therefore assumed that the experimental data could be 
correlated most simply by using two equations of the form: 
and 
Sh 
v 
Sh 
v 
= 
= 
b 
a (Re) 
v 
Sc 
v 
d 
c (Re) Sc 
v v 
1/3 (5.1) 
(5.2) 
where equation (5.1) is applicable for the range of Reynolds numbers 
in which the laminar boundary layer is dominating and equation (5.2) 
is applicable for the range of Reynolds numbers in which the turbulent 
boundary layer is dominating. 
The transition point and constants a,b,c,d were determined using 
the method of least squares. Least squares analysis was applied to 
both laminar and turbulent regions for transition points varying in 
increments of 50 between'Re = 1000 and Re = 2800. 
v v If S~1l and 
SM2 were the·sumsof the least squares for the turbulent and laminar 
region respectively, the transition pOint was given when SMl + SM2 
was minimum. This occurred when Re = 1700 and the two correlating 
v 
lines obtained were: 
= (
Upd )0.650. 
0.234 ___ e 
~ v. ( 
~ )1/3 
pD v (5.3) 
for Rev < 1700 
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Table 5.1 Vapour Side Mass Transfer Coefficient Calculations 
contain: 
Ethanol/Water runs 12-31,33-47,49-87 
n-Propanol/Water (Kurukchi data - ref. 12) 
n-Propanol/Water (UMIST data - ref.· 56) 
Isopropanol/Water 
runs 
runs 
runs 
1-16 
1-42 
1-44 
Isopropanol~Vater (Kurukchi data) 
Methanol/Benzene (Kurukchi data) 
Ethanol/Benzene 
runs 
runs 
runs 
1-36 
1-24 
1-36 
Description of symbols in table:-
Column 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Run 
x 
v 
, 
m 
, .. 
k : 
G 
Sh -. 
v 
VI 
V2 
Experimental run number 
Average of top and bottom concentrations in 
column (mole fraction of M.V.C.) 
Vapour velocity based upon free cross sectional 
area of column (ft/sec) 
Liquid side mass transfer coefficient 
calculated from Norman Correlation - equation 2.61 
in thesis (ft/hr) 
Liquid side height of transfer unit (ft) 
(Norman) 
Vapour side overall number of transfer units 
(experimental) 
Vapour side overall height of a transfer unit 
(experimental) - ft 
Slope of equilibrium curve dy* dx at x 
Vapour side height of transfer unit (ft) 
(HG = HOG - rn' HL) 
Vapour side mass transfer coefficient (ft/hr) 
calculated from HG using equation 2.30 in 
thesis 
Vapour side Sherwood Number 
Vapour side Reynolds Number 
I 
kG d 
Dv 
Gd e 
1I;" 
Vapour side Schmidt Number (~\ 
PO) 
v 
Sh /Sc . 
v v 
Sh /Sc 
v v 
113 
~ ___________________ ----.i 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
, 
NOG HOG 
, 
• Sh Run x v kL HL m HG k v Re· Se· Vl V2 G v v 
12 .6?6 2.86 1. 09 0.705 0.349 2.510 0.50 2.150 229 15.8 1550 0.516 30.6 19.7 
1:; .6?2 2. 1\1 1.07 0.701 0.403 2.170 0.47 1.840 261 18.0 1520 0.517 34.8 21'.4 
14 
· "'1 8 2.~5 1.1)7 0.707 0.438 2.000 0.49 1.650 29; 20.3 1530 0.57.0 ! 39,0 25,2 
1 ~ .6?5 ;>.7'3 1. 05 1).694 0.4Q6 1.760 0.50 1 .420 330 22.7 1480 0.515 44,0 28.3 
16 .599 2.69 (I.9B 1).714 o .531 1.650 0.46 1.320 349 23,9 1420 O,5~8 45.2 29.6 
17 .599 2.69 0.98 0.714 0.522 1.680 0.46 1.350 34:> 23.4 1420 0,528 44.3 C!9 , 0 
18 .583 2.66 0.93 0. 729 0.393 2.230 0.44 1.910 238 16,3 1380 0.536 3'.1,4 20.1 
19 .562 2,72 0.89 0.758 0.67.3 1.1,00 0.42 1.090 42"; 29.1 1380 0.548 53.0 35.6 
:!() .56.7 ?,66 0.1\3 0.789 0.468 1.~7(1 0.40 1 .560 291 19.9 1330 10.554 34,5 23.2 
::!1 .513 2.51 0.71 0.835 0.537 1.630 0.38 1 .310 326 22.1 1200 0.576 38.4 26,6 
22 • 1.95 2.44 0.66 0.853 0.632 1 .• 390 0.37 1.070 39 0 26.4 1150 0.583 45.3 31.6 
?3 • 1.92 ?36 0.65 0.~44 0.605 1.450 0.37 1 • 140 356 24.1 '110 0.586 41.0 28.8 
~4 .452 ~.45 0.65 0.829 0.562 1.560 0.36 1. <,60 334 22.4 , 090 0.614 36.5 26.4 
25 
· 391 2.47 0.63 '0.737 0.508 1 .720 0.35 1.440 292 19.4 , 020 0.653 29,7 22.4 
21, .387 2.52 0.64 0.780 0.5~3 1.670 0.35 1.400 307 20.3 1030 0,659 30.8 23,4 
27 • '3 /.0 2,46 0.62 0. 738 0.515 ., .700 0.36 1.440 29~ 19.3 954 0,69 1 27.9 21 .8 
7.8 .305 2.52 0.63 0.711 0,507 1.730 0.37 1.460 294 19.3 91/\ 0.732 26,4 21,4 
29 .278 2.54 0.63 0.67/\ 0.523 ~ ,670 0.40 1.400 310 20.2 905 0.7'-5 27.1 22.2 
~() 
· 2~3 2,61 0.65 0.632 0.543 1 .610 0.47 1 • ! 10 340 22.1 874 0,789 28.0 24,0 
31 .199 ".6.1 ' 0.67 0.~86 0.536 1.630 0.57 1 .300 341. 22.3 833 0.826 27.0 23.8 
.~ 
.615 4,94 1. S6 0.A38 0.293 2.990 0.49 2.580 327 22.5 2650 0.52.1 32.0 20,9 ., ,') 
34. .602 4,67 1 .45 0.1140 0.241 3.640 0.47 3.240 246 16.9 2470 0.527 47.8 31,3 
35 .593 4.73 1.43 0.852 0.341 2.570 0.40; 2.180 371) 25.4 2480 0.532 74.5 49.4 
36 .574 4.68 1.35 0.1178 0,51)4 1 .740 0.43 1.360 5811 40.2 2410 0.540 60.7 41,0 
37 · S I.S 4,52 1 .21 0.919 . 0.454 1.930 0.40 1 .560 494 33.7 2260 0.555 60.7 41. '3 
~~ Cl ., 
.500 4,28 1.00 1.020 0.476 1.1140 0.39 1.450 506 34.4 2090 0.566 64,5 47,2 
39 .432 4.48 0.97 0.979 0.541 1.620 0.35 1 .270 60"3 40.4 1950 0.625 53.0 39.2 
41) 
· 411 '.33 1).94 0.950 0.4116 1 .800 0.35 1 ,460 507 33.8 1340 0.639 54,0 40.5 
41 .393 4.51 1).96 0.945 0.489 1.790 0.35 1 • !..60 529 35.2 1870 0.6~2 49.9 37.8 
42 · '381 4.54 0.96 0.937 0.462 1.900 0.3'; 1.560 497 33.0 1850 0.662 49.9 37.8 
43 ."5t.5 4.411 0.95 0.1190 0.429 2.040 0.36 1.720 44'; 29.4 1750 0.687 42.8 33.3 
4(' • "523 f,.30 0.95 0.1136 O.~I\O ?.3(1) O.3IJ 1.980 370 24.4 1670 0.690 35,4 27,6 
45 .279 4.53 0.95 o.Ma 0.402 ?180 0.40 1 . 850 416 27.2 1620 0.742 36.6 30.0 
46 
· 237 4.61 0.97 0.?59 0.404 2 • 160 0.46 1 .810 43r; 28.2 1550 0.786 35.8 30.6 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
, , 
k' Run x. v kL HL NOG HOG m Ha Sh Re .. Se. ' VI V2 a v v v 
47 .2.05 4.63 0.98 0.710 0.430 2.040 0.55 1. 650 481 31.1 1490 0.819 38.0 33.2 
49 • MI5 6.64 1.8(' 0.925 0.394 2.220 0.47 1.780 526 43.8 3520 0.638 68.6 50.9 
sn .591 6.59 1.79 0.946 0.258 3.390 0.45 2.970 380 26.0 3450 0.533 48.8 32.0 
31 .5611 6.60 1.69 0.982 0.303 2.890 0.4~ 1.767 639 43.5 3370 0.544 79.8 53.? 
52 .546 6.Q2 1 .56 1.020 0.399 ?. 190 0.40 1.780 625 42,5 37.30 0.558 76. 1 51. 5 
~3 
.506 6.38 1 .30 1 .140 0.~27 1.660 0.37 1.7.40 88~ 59.3 3030 0.576 103.0 71.3 
-54 
.488 6.36 1. 28 1 . 1 30 0.446 1.960 0.37 1.550 702 47.4 2960 0.590 80.2 56.5 
55 .441 6.32 1.24 1.090 0.413 2.070 0.35 1.680 642 43.0 2780 0.6~9 69.5 50.4 
'M .4011 6.42 1.24 1.070 0.419 ?. 09 n 0.35 1. 71 0 642 42.8 2720 0.6 40 67.0 49 .i' 
. 5? 
· "59" 6.44 1.~4 1.(51) 0.334 . ".620 0.35 2.;>50 489 32.5 2670 0.652 49.9 37.5 ~~ 
.'375 6.58 1.74 1.040 0.312 ;l.800 0.35 2.250 489 32.5 2670 0.652 49,9 37.5 , I') 
5? .344 6.6, 1. 24 0. 999 0.3?'2 2.720 0.36 2.360 4711 31.5 2580 0.687 45.8 35.i' 
60 • '31 5 5.119 1.19 0. 9 60 0.329 2.660 0.36 2.310 470 30.8 2200 0.711 43.3 34.5 
~ 61 .2114 6.62 1 • ~ 3 '0.9111 0.363 7..410 0.3<) 2.050 551 36,0 2370 0.742 48.5 39.8 
>--' 6~ .2.48 6.53 1.B 0.~59 o . 3:.>i' ~.680 0.44 2.300 486 31.6 2230 0.776 40.7 34.4 
'" 
.. 
-.' 61 .2,12 6.61 1.7.5 0.1106 o. ~35 '-.610 0.52 2.190 517 33.5 2140 0.814 41.1 35.9 
64 .177 6.79 1 • 35 0. 125 0.352 7.. 490 0.67 2.010 571\ 33.7 2100 0.849 39. 7 35.6 
68 .607 '5.117 1.72 O.MO 0 .. 379 2.310 0.48 , • aM 531 35.1 3120 0.5;>5 66.9 43.5 , 
6? .606 5.46 1.64 0.~72 0.365 7..400 0.47 1.980 470 32.3 2900 0.525 61.5 40.0 
7,) 
.620 4.29 1.43 0.798 0.383 ~. ?An 0.49 1. A90 3RR 26.7 2310 0.518 51 .5 33.2 
71 .618 ~.78 1 • 31 0.767 0.484 1 • R 10 0.50 1.430 454 31.2 2030 0.57.1 59.8 38.8 
72 .618 3.2.3 1 • 18 0.739 o"~H 7..67.0 0.49 2.260 2411 17 .1 1770 0.518 33.0 21.3 
73 .625 7..74 1.06 0.692 0,496 1 .760 0.50 .1.420 330 22.7 1490 O. S1 5 44,0 28.3 
74 .HQ 1.72 0.77 0.598 0,1.67 1.310 0.51 1.010 291 20.0 934 0.514 38,9 25.0 
7, 
.626 1 .28 0.67. o.r;49 0.582 1.500 0.50 1.230 17R 12.2 692 0.516 23,6 15.2 
7" .394 7.58 1. 38 1 .100 0.2Z5 3.119 () 0.35 3.500 li'o 24.6 3140 0.653 37.6 28.4 
77 
.'37 11 '5.37 1 . :!9 1.060 0.:!?8 3.150 0.35 2,770 426 28.3 2810 0.664 42.6 32.4 
n .~67 6.52 1.<'3 1.030 O,?7\) 3.240 0.35 2.880 387 25.6 2600 0.674 38.0 29.2 
79 .350 6.5'0 1 • ;> 3 1 . ",00 0.~08 7..1140 0.35 2.480 449 29.6 2550 0.684 43,3 33.6 
B,j 
· 32.8 5.61 1 . 1 0 0.'H1 0.396 :?"10 0.36 1.1170 51? . 33.7 2140 0.702 48.0 38.0 3, 
· ~9 3 5. 14 1.06 0.9113 0.3~1 2.730 0.35 2.380 370 24.6 2140 0.651 37,8 28.4 
82 .418 4 .. 56 () .97 O. ?75 0.432 ~.030 0.35 1 .... S0 465 31.0 1940 0.637 48.7 36.0 
8'3 .406 3.90 0.118 0.918 0.476 1.840 0.35 1 .510 441 29.4 1650 0.641 45.9 34.1 
8/. .3811 3.51 0.80 0.~74 0.453 1. <} 30 0.35 1. 6 ~o 369 24.5 1444 0.6~6 37,4 213.2 
85 
.381 ;> .96 !). n n.:l19 0.475 1 .840 0.35 1. <;50 37.6 21,7 1 ~22 0,655 33, , 25.0 
36 .397 ?53 0.62 0.306 0. /.111 1 • 820 0.35 1 . 530 211;> 18.6 1 020 0.668 27'.6 21.3 
37 
· 322 2.:')1 n.54 fJ.677 0.617 1 .47.0 0.36 1.170 29;> 19.2 761 0.7(15 27.2 21.6 
1 2 3 4 5 (; 7 8 9 10 11 12 13 . 14 15 
, , k/ . Sh Se , VI V2 Run x v· kL HL NOG HOG m HG Re. G v v v 
1 .311 4.05 0.71 1.l30 0.443 1.980 0.11' 1.710 391 29.9 1920 0.656 45.5 34.4 
. ~ 
· 31 7 2..11 0.46 1.010 0.450 1.940 0.17 1.770 204 1 5; 6 1020 0.645 24.2 18.1 
3 .312 1 .44 0.35 0.904 0.439 1 .790 0.16 1.640 150 11 .4 693 0.645 17 • ., 13.2 
f. .'305 2.52 0.50 1. -'70 0.1\00 1.460 O. 16 1. ::oRO 336 25.6 1190 0.658 38.8 29.4 
S .29 8 3.12 0.57 1 .140 0.440 1. QQO 0.16 1.1l10 29t. 27.5 1450 0.669 33.6 25,7 (, 
· 2.94 3.41 ().61 1.170 0.411 2.130 ().16 1.940 300 22.9 1570 0.675 34.0 26. , ., 
.292 4.12 0.69 1.240 0.356 ?.460 0.16 2.::0 70 311 23.7 1890 0.676 35.0 27.0 
8 .2SQ 4. 'j(, 0.73 1.290 0·.7,17 :;>.320 0.15 2.130 366 28.0 2090 0.678 41.3 31. 8 9 .290 0;.37 (').79 1.330 0.360 ?.4::10 0.15 2.230 389 29.7 2320 0.679 43.8 33.8 10 .2.90 5.66 (). R6 1.370 0.356 i' • t.I',O O. 15 2.250 430 32.8 2590 0.679 48.3 37.3 
11 .287 1\ .17 0.90 1 .41 (') 0.39 0 2.::OS/) 0.15 2.040 517 39.4 2820 0.678 58.0 44.9 1 ~ 
.285 6.62 0.95 1.440 0.357 ?450 0.15 2.230 506 38,7 3020 0.681 56.8 44.0 13 .283 7.20 1. 00 1.470 0.334 2.620 0.15 2.400 51? 39.1 3280 0.68? 57.4 44.5 ~ 4 
· 2.90 0.99 0.25 0.1117 0.600 1.460 0.15 1. 340 127 9.7 457 0.67'3 14.4 11. 0 1 S .300 1. 51 ~.35 0.905 0.471 1.830 0.17 1 .680 154 11.7 M? 0.6 7 8 17.3 16.3 
., 6 
.'303 0.74 0.21 0.748 0.588 1.490 O. 1 4 1.380 91 7.0 348 0.61\0 10.6 8.0 
Table 5 1 (Contlnued) n Propanol~Vater (UMIST Data ref 56) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Ruc x v k' ilL NOG HOG m HG k' Sh Re Se VI V2 L G v v v 
1 .2.99 7.03 1 .05 1.420 0.428 2.300 0.16 2.070 583 43.8 3340 0.6 70 65.5 50.0 
l .'3~5 6.67 1.12 1.340 0.405 2.430 0.18 2.180 525 39.6 3370 0.631 62.7 46.1 3 .3(,4 6.41 1 • 19 1.260 0.425 2.320 0.21 2.060 534 40.4 3400 0.603 67.0 47.8 
4 .. 378 I). U 1. ?2 1.230 0.412 ".390 0.22 2.120 508 38.5 3410 0.5119 65.4 46.0 5 .382 6.25 1 .7.3 1.230 0.358 2.750 0.22 2.4110 43<' 32.'1 3420 0.585 53.9 39.1 , 
.391 6.15 1.75 1 .210 0.369 2.670 0.23 2.400 441 33.4 3420 0.577 57.9 40.1 
" ? .1.011 6.01 1. i'9 1 . '30 0.414 2.380 0.24 2.090 493 37.4 3430 0.563 65.5 45.2 ~ 
.186 ,>.67 0.92 1.050 0.436 2.~50 . 0.16 2.090 46') 34.6 2160 0.B:?5 42.0 36.8 0 
~ .25 7 4.99 0.79 1 .240 0.503 1.960 0.14 1 .190 479 35.9 2190 0.7?2 49.7 40.0 10 .301 4.64 0.79 1. ;)50 0.540 1.820 0.16 1.620 493 37.1 2210 0.668 55.5 42.5 11 .340 4.39 0.85 1 . 170 0.502 1.960 0.19 1.740 435 32.8 2240 0.626 52.4 38.4 
12 .364 4.26 0.B9 1 .120 0.431 2.780 0.21 2.050 356 26.9 2260 0.602 44.7 31.9 11 .384 4.1 5 0.93 1.090 0.t.)9 2.;)4() 0.22 2.000 355 26.9 2280 0.583 46.1 32.2 
..... 
..... 
-.] 
1 
. Run 
14 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
.24 
25 
26 
27 
2·1 
29 
30 
31 
32 
33 
3 t, 
35" 
3 ... 
37 
3a 
39 
40 
41 
42 
2 3 
x. v 
.385 4.14 
.409 4,01 
.169 4,05 
.294 3,2.3 
• :n9 3.04 
.365 2, 9,~ 
.386 2,35 
.410 2.,76 
411$ 2.74 
.369 O.~!l 
.367 0.47 
.362 0,77 
.356 1. ~3 
.349 2.28 
· 3t.A 3.:'.3 
.343 3.58 
· ~39 4.66 
· 347 'i.61 
_ 39 I) o,~4 
.391 0.:;5 
.3113 0,50 
.376 O.~2 
· :P2 o. 9 ~ 
· !(79 1.99 
.3/.2 7.1 R 
• :>: 3 2- R.1l2 
.364 R .17 
.370 R,74 
.3,.;5 8.72 
(dab!) 
4 5 6 7 8 
, 
HOG 
, 
k' ilL NOG m. L' 
0.93 1.080 0.439 2.240 0.22 
1).97 1.040 0.464 2,120 0.24 
0.77 0.1\58 . 0.492 7,000 (}.17 
0.61 1 .120 0.<;64 1 .740 0.16 
0.65 1.050 0.5 79 1,700 0.19 
0.69 O.?98 0.544 1,R10 0.21 
0.72 O. ?63 0.446 ? • ;:> 10 0.22 
0.75 0.928 0.572 1 .890 0.24 
0.76 0.~2Z 0.493 2.000 0.25 
0.14 0.490 1 .103 0.892 0.21 
o ~ 19 0,576 0.977 1.010 0.21 
0.27 0.675 0.912 1 .0110 0.20 
0.38 0.B02 0.666 1 ,4.1l0 0.20 
O.~S 0.955 0.529 1,1160 0.19 
0.70 1.060 0.530 1 • 81S I) 0.19 
1'1.74 1,100 0.503 1,91St) 0,19 
O. Il8 1.190 0.454 2.170 0,19 
1.02 1. C!50 0.419 2.350 0.19 
0.16 ".'108 1 .Oa5 0.907 0.~3 
0.17 0, S09 1 .055 0.93~ 0.23 
0.?1 O. H6 O.R43 1 .1 70 0.2? 
0.29 0,671 0.76t) 1 .790 0.2?' 
0.~2 0.710 0.127 1 .350 0.21 
0.55 0.873 0.529 1 .860 .0.22 
1.70 1. ;6 0 O. ~84 :'.560 0.18 
1.34 1.470 O. ~78 2.60('1 O. ,7 
1 .41 1 .160 0.403 ?.440 0.20 
1 .51 1 .380 0.366 2, .s90 O.~O 
1.49 1 .380 o . 3'] 7 7.,480 0.20 
cea 2 ihO€a 
9 10 11 12 13 14 15 
, 
Sh ' Se VI V2 IIG k Re . 
- G v v v 
2.000 355 26.9 2280 0.582 46,2 32,2 
1.870 367 27,9 2290 0,562 49,6 33,8 
1. MO 373 27,7 1490 0.853 32,4 29,2 
1. '570 354 26,6 1520 0,676 39 ,3 30,3 
1 .500 347 26.2 155() 0,67.7 41.8 30,6 
1.AOO 31": 23,7 156!) 0.6('1 39,4 28,1 
1.990 2/, " 18,6 1570 0,51\2 32,0 22,2 
1.(,60 285 21.6 1580 0,562 38.4 26.2 
1.770 ZM, 20.2 1580 0,556 36.3 24.6 
0.789 61 4.6 151 0.597 7.8 5,5 
0.M7 90 6,8 25t) 0.599 11 ,4 8.1 
0.941 141 10.6 408 0.604 19., H.5 
1.3'-0 173 13.1 696 0 •. 610 21 ,5 15.4 
1.(.70 235 17,7 
" 80 0,616 2/\ ,7 20,8 1.(,~0 336 25.4 1670 0.618 41 .0 29,8 
1.750 35;> 26.5 1830 0.623 42,S 31.0 
1.940 411 31.0 2370 0,6;>6 49,5 36.2 
2.100 457 34.5 2890 0.618 55.9 40.5 
0.793 7~ 5,5 187 0.578 9,6 6,6 
0.1l18 n 5.5 192 0.577 9.6 6,6 
1 . 040 8~ 6.3 277 0,584 10.8 7,5 
1 .1 50 127 9.2 444 0.590 15,7 11 .0 
1.700 135 10.2 510 0.594 17,2 12.1 
1.670 205 15.5 1080 0.591 26.2 16 ,5 
2.~20 531 40.0 3670 0.673 64.1 46,7 
2.~50 644 48,4 4430 0.633 76.4 56.2 
2.170 644 48,7 4340 0,602 80,9 57,6 
2,1.00 62:? 47,1 4690 0.596 7FJ.9 55.8 
2.::>00 678 51.2 46 /.0 0.601 85,3 60,6 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
k' , k' Sh VI V2 Run x' v' HL NOG HOG m HG Re Se L G v v v 
1 .~1I2 :>.81 0.71 0.962 0 401 2.180 0.19 2.000 240 18.4 1520 0.577 31.9 22.1 
;I .~1I6 2.22 0.61 0.~88 0 ~04 1. 560 0.20 1.560 244 18.7 1<'00 0.577 32.4 22.4 
~ .~Q6 1 • ;- 4 0.'l3 0.825 0 441 1 .810 0.21 1.1\1 0 164 12.6 9711 0.556 22.6 15.3 ., 
4 
· ~ '11 1 • ~7 0.53 0."52 0 ~58 1 .410 0.19 1. 41 0 V6 1'7.3 1010 0.577 30.0 20.8 
:; .~R2 1.37 0.43 0.734 0 664 1,320 0.19 1 ,170 21)1 15.4 748 0,573 26.9 18.5 
6 .U7 1.19 0.39 1).747 0 865 1. 01 0 0.19 0.1167 ?3~ 1 8,1 638 0.584 31,0 21. 6 
;-
• 'HO 1. 02 0.34 0. 714 0 918 0.954 0.17 0,831 210 16.1 539 0.589 27,4 19,2 
11 .~?5 2.30 0.56 0.°19 0 4';l8 1,760 0.11 1.660 237 ,8,1 1130 0.630 28,7 21 .1 
" 
.~?6 1 .85 0.48 0.il63 0 .531 1.650 0.10 1. 560 203 15.5 912 0.630 24,6 18.1 10 .~72 1.~7 0.39 O. "'-'37 0 614 1.31)0 0.10 1 • ~20 19(' 14.6 670 0.632 23,1 17.0 
, 1 .~10 1 • ? 6 0.36 0.764 0 .(,19 1.410 0.08 1 .350 160 12.2 604 0.61.7 18.9 14.1 
1 ? · ,)07 3.17 0.67 0.994 0 393 2.;>30 0.07 2.160 250 19.0 '460 0.668 28.4 21.8 
, 3 
.')04 :>.75 0.60 0.952 0 448 1.050 0.07 1.1\90 249 18.9 1260 0.672 28.1 21.6 
14 .')02 2.25 0.54 0.903 0 499 1.750 0.06 1.700 226 17.9 . 1070 0.676 26.5 20.4 
, '3 
.'){,5 2.:;6 1).53 0.380 0 538 1.631) 0.05 1 .580 254 19.1 1020 0.709 27.0 21.4 
10 .,1'.7 1.83 0.46 0.S45 0 586 1.490 0.06 1 .440 22'1 16.9 850 0.680 24.8 19.2 
1~ ,')58 1 .1'l6 0.46 0.325 0 637 1 .370 0.05 1. :no 249 18.8 '843 0.715 26.3 21.0 
13 .;o~O 1.67 0.41 0.777 o. 647 1.350 0.05 '.'HO 217 16.4 705 0.726 2Z.6 18.4 
10 .')1'.7 1.40 0.38 0.772 0 630 1. 391) 0.06 1.340 ,.,., 13.4 641 0.671 19.9 15.3 
~,) .')1.6 1 .45 O .. 38 0.740 o 665 1,320 0.05 1.2~0 194 14.6 610 0.728 20.0 16.2 
~1 • ,)'1,7 1 .117 0;31 0.718 O. n6 1 • 21 0 0.07 1. 150 1511 12.0 493 0.666 18. /) H.7 
n · ,)911 1 .10 0.32 0.726 n 743 1.18n 0.07 1 .130 168 12.7 513 0.663 19.1 14.6 
'3 .,116 O. Q6 0.29 0.690 0 71\8 1. 1 HI 0.06 1.070 153 11.6 440 0.672 17.4 13.2 ?4 · ')95 1. 01 0.30 0.'1'05 0 761 1 • 1 0; /) 0.06 1.11 0 155 11. 8 465 0.666 17.7 13.5 
;>g 
.;>16 5.19 0.91 1. 030 
° 
3"5 2.330 0.05 2.2110 3M 29.2 21)50 0.772 37.8 31.8 
? c; .'~4 4.52 0.111 1. 030 0 3~8 . 2.450 0.05 2.400 32;> 24.0 1810 0.759 31.6 26.3 
?? · ')41 4.12 0.77 1.1'11(1 0.413 2.120 0.05 2.070 341 25.6 1700 0.741 34.5 28.3 
i!il .,0;0 3.70 0.72 0.938 0 442 1.980 0.05 1.940 327 24.6 1560 0.727 33.8 27.4 
,0 
.n8 1.38 0.37 0.706 I) 1,90 1.270 0.05 1.230 191 14.4 567 0.746 19.3 15.9 
~O .')~9 1 .31 0.35 0.711 0.722 1 .7.10 0.05 1 .180 190 14.3 540 0.743 19.2 15.8 
31 .,),5 1.32 0.35 0.639 o 740 1.11\0 O.O~ 1 .15 ° 196 14,7 534- 0.754 19. 5 16.1 .. ., ,,1~5 2.15 0.53 (1.643 0 492 1. 781'1 0.16 1.1i 70 22n 16.4 746 0.812 18.8 17.2 .' I. 
.,..,. 
.158 1. :l 1 0.46 0.628 0.567 1.54(\ O. 17 1.440 215 16.0 628 0,870 18.4 16.8 .. 1.' 
~ . 
· , 06 5.67 1.23 0.642 0 333 2.6.30 0.58 2.250 431 31.8 1750 0.974 32.7 31.8 ~.~ ~ 
~S .117 5.?il. 1 . 1 2 0.671 0 344 2.540 0.47 2.230 '04 29.9 1670 0.951 31.4 30.3 
... 
... 
CD 
1 
Run 
36 
3? 
3.~ 
39 
4rJ 
41 
42 
43 
44 
1 
Run 
1 
2 
3 
4 
'3 
6 
'I' 
8 
9 
10 
11 
1:! 
13 
, I, 
15 
16 
1:-
111 
19 
2.(l 
2 
X' 
.no 
.1 59 
.147 
.1l.2 
.n5 
· M~'i 
· flQ 4 
· nQ 0 
.n1l7 
2 
x 
.~~1 
.~13 
.~1'I9 
· 'Cl 2 
.'Fl9 
· ~ 11 
.~19 
· ~ 10 
.~n4 
· ,Q 5 
.n6 
.nl) 
• ~ 12 
· ,Q 11 
· "\6 
.HS 
.'1'.2 
.'~O 
.'~6 
.~fl4 
3 4 5 6 
• v' k . L HL NOG 
4.63 0.53 0.692 0 369 
1 .116 0.50 0.583 0 586 
1 .65 0.45 0.568 0 6~2 
1.60 0.45 0.538 0 644 
1.52 0.46 0.'03 0 651 
7.?2 1.66 0.611 0 ~O9 
7.28 1 • '> 5 0.632 0 319 
4,7'9 , .16 0.552 0 360 
4. :n 1 .10 0.5111 0 391 
Table 5.1 (Cont>nued) 
3 4 5 6 
v k' L HL NOG 
6.59 1.17 1. 260 0 394 
0;.7'0 1. 03 1.200 0 395 
4.02 0.80 1.1'180 0 4'0 
3.05 0.65 0.981 0 .471 
1.66 0.42 0.~16 0 542 
0.48 0.18 0.574 0 a/)4 
6,70 1. 16 1. ?60 0 ~ 'HI 
5.65 1 .01 2.110 O. 401 
4.04 0.80 1.080 0 442 
2.86 0.62 0.%5 0 446 
1 • '36 0.40 0.7'39 0 495 
0.67 O.;?3 1).607 0 Q37 
6."5 1 .111 1.270 0 386 
6.19 1.07 1.220 0 409 
5.?7 O. Q4 1. 1 50 0 330 
4.?3 0.117 1 . 1 0 0 0 355 
3.99 0.77 1.030 0 318 
3.61 0.71 0.993 0 3(18 
3.16 0.64 0.921 0 379 
1.7'9 0.t.6 O.g44 0 482 
7 8 9 .10 11 12 13 14 15 
, 
. k' V2 HOG m HG Shy Re Se VI G v v 
. 
2.370 0.38 2.110 375 27.8 '510 0.97.3 30. , 28.6 
1.490 0.25 1. 350 235 17.5 639 0.877 19.9 18.3 
1,380 0.25 1,240 229 17,0 563 0,886 19.2 17,7 
1.360 0.30 1.200 228 16,9 538 0,897 18,8 17,5 
1,340 0.37 1 , ,60 223 16,6 506 0.903 18.4 17,2 
~,I\JO 0.86 2,300 5n 47..2 2260 1.0~0 41.4 4i!.2 
2.740 0.73 2.280 545 40.2 2180 1.000 40.2 40.2 
2.430 0.7~ 2,010 408 30.1 1420 1',010 29.8 30,1 
7,290 0.81 1. MO H? 28.8 1270 1.0;>0 28.2 28.8 
,Iso-propanol/Water (Kurukeh> Data - re! 12) 
7 8 9 10 11 12 13 14 15' 
HOG m HG kG Sh . Re . Se VI V2 v v v 
2.470 0.12 2.320 486 37.0 3230 0.633 58.5 43.0 
".220 0.10 2.100 46~ 35.2 2700 0.651 54.0 40.5 
2.130 0.09 2.040 337 25.6 1890 0.657 39.0 29.5 
1 .1160 0.06 1.800 289 21,9 1400 0.671 32.6 25.0 
1.f.1() 0.06 1 • ~ 70 1112 ".7 761 0.673 20.4 15.6 
1, 090 0.07 1.050 79 6.0 235 0.637 9.4 7.0 
7..440 O. 11 2.300 498 37.8 3200 0.647 58.4 43.7 
7. • 1 ~O 0.10 1.960 46.<, 35.3 2650 0.657 53.7 40.6 
1.9M O.OR 1 .1190 364 27.6 1890 0.659 41.9 31.7 
1 .960 0.07 1 .900 257 19.5 1320 0.668 29.2 22.3 
1.770 0.05 1 .730 154 11.7 700 0.685 17.1 13.3 
0.934 0.04 0.9(18 127 9.6 309 0.6 70 14.3 
" .0 2.270 0.10 2.150 554 42.1 3290 0.652 64.5 48,5 
~.140 0.011 2.040 517 39.1 2850 0.669 58.5 44.7 
7.650 0.06 2.580 3411 26.4 2370 0.683 38.6 30.0 
2.46() 0.05 2.400 3H 25.4 2090 0.695 36.6 28.6 
2.750 0.05 2.700 253 19. , 1730 0.708 27.0 21.4 
2.200 0.04 2.150 286 21 .6 1 'Ss 0 0,714 30.3 24.2 
~.310 0.04 2.270 238 17.9 1300 0.743 24.1 19.7 
1.1120 0.07 , .760 17t. 13.2 849 0.652 20.2 15.2 
>-' 
'" o 
1 
Run 
21 
~~ 
~3 
.. ' , ... 
~~ 
~6 
?,? 
~.' ~" ~O 
,~1 
3;! 
?-3 
14 
3~ 
~ . 
.. " (,. 
1 I 
Run I 
1 
~ ,. 
~ 
.1 
4 
') 
(, 
.. 
!\ 
? 
10 
11 
17. 
1:; 
2 3 
X· v' 
.299 2.41 
· ~76 ;>.99 
• ~A8 ~.30 
.2.84 4.19 
.2.89 5.02 
.277 5.~0 
.2.67 6.45 
.349 7.~1 
• ~ 1 5 6.61 
· '11 0 5.81 
."i1l6 5.01 
.~1)5 3.9() 
.307 3.11 
· 31 0 1 .9\) 
· '51 5 1 • ? 2 
.3;>5 0.il2 
2 3 
X-'·, 
·v . 
.5'56 3.2.4 
.536 2.41 
.,'\56 5.'70 
· I, ~6 4.48 
.420 3.42 
.39 5 2.49 
.3'11 1 .88 
.41'10 1 .10 
.4119 0.55 
.336 1,.76 
.361 4.40 
.413 3.71 
.410 3.03 
4 5 6 
k' 
L HL NOG 
0.55 0.917 0.479 
0.64 0.960 0.403 
0.69 0.990 0.3)\7 
0.R1 1.080 0.291 
0.92 , .140 0.~37 
0.98 1.160 ·0.369 
1 .10 1 .210 0.389 
1. 29 1.270 0.522 
1 • 11 1.'-40 0.308 
, .02 1.19(1 0.401 
o.n 1 .140 0.418 
0.77 1.060 0.336 
0.65 0.989 0.438 
0.46 0.854 0.512 
0.34 0.745 0;611 
0.26 0.662 O. 711 
Table 5.1 (Continued) 
4 5 6 
k' L lIL NOG 
1 .78 0.753 0.369 
1. 44 0.689 0.494 
2.60 0.948 0.3/)4 
2.19 O. Mo 1'1.338 
1 .82 0.829 1'1.339 
1 . "5 0. 7 61 O. ~32 
1.20 0.701 0.448 
0.82 0.595 0.528 
/).51 0.480 0.693 
3.00 1.040 o .. ~77 
2. ~1 0.913 0.30 1 
1 .93 0.852 0.424 
1.70 0.307 0.~61 
66i2ClhdCa 
7 8 9 10 11 12 13 14 15 
, 
HG k' Sh· Re· Sc .. VI V2 HOO ·m G v v v 
1. B30 0.07 1.760 232 17.6 1120 0.662 26.6 20.2 
2.170 0.05 2.120 247 18.3 1330 0.692 26.4 20.7 
2.;>~O 0.05 2.210 2"4 19.9 1490 0.71)2 28.4 22.4 
3.010 . 0.06 2.940 246 18.6 1900 0.685 27.2 21.1 
2.600 0.06 25:50 341 25.6 2280 0.679 38.0 29.4 
:1.3711 0.06 2.310 41" 31. 4 2490 0.693 45.3 35.4 
?.2S0 0.05 2.190 521 39.4 2910 0.706 55.7 44.3 
1."110 0.17 1 .460 844 64.3 3590 0.6B 103.0 75.3 
2.260 0.11 2.120 Sn 39.0 3020 0.651 59.9 45.0 
<'.18/1 0.10 2.060 469 35.5 2650 0.6~8 5£..0 40.8 
2.090 0.08 2.0(10 4,1, 31.6 2290 0.655 48.2 36.4 
2.600 0.08 2.520 257 19.5 17'80 0.657 29,7 22.4 
:1.000 0.08 1.920 268 20.4 1420 0.652 31.2 23.5 
1 .710 0.09 1 .1>40 191 14.5 869 0,651 22.2 16,7 
1 • 430 0.08 1 • 370 14~ 10.9 557 0.637 17.1 12.7 
1 .230 o . 1 0 1 .170 11 ? 8.5 376 0.626 1 3.6 9.9 
Methanol/Benzene (Kurukchi Data - .ref 12) 
7 8 9 10 11 12 13 14 15 
HOG ·m . HG k' . G ShV" Rsv · SC v VI V2 
2.370 0.09 2.310 240 35.4 3320 0.584 60.6 42.3 
1.930 0.09 1.1170 27.1 3<,.5 2470 0.583 55.8 38.8 
2.88(\ 0.05 2 • .<\30 345 49.6 6270 0.533 93.0 61.6 
<'.590 0.05 2.550 200 42,9 4990 0.522 82.0 53.2 
?580 0.04 2.~40 230 32.9 3870 0.514 64.0 41.0 
~.630 0.04 2."'00 163 23.3 2850 0.5(15 46. , 29.2 
1.950 0.04 1 .920 167 23.8 2180 0,499 47.7 30.0 
1 ,660 0.04 1.630 114 16.3 1260 0.504 32.4 20.5 
1 .260 0.04 1 .240 75 10.8 625 0.509 21 .2 13.5 
7..37.0 0.04 2.280 507 71 .4 8190 0.473 151. 0 91 .5 
2.241'1 0.04 2.200 342 48.4 5230 0.484 100.0 61.5 
2.MO 0.04 2.030 313 44.7 4210 0.512 8., .1 55.9 
2.420 0.04 2.390 221 31.5 3520 0.509 62.0 39.4 
.... 
'" 1--1 •. , 
1 
Run 
14 
1 5 
1rl 
17 
1;) 
1? 
2,i 
7.1 
7.2 
~1 
2/. 
1 
Run 
1 
:1 
~ 
4 
'I 
(, 
., 
, 
.'l 
'I 
10 
, 1 
12 
13 
14 
15 
16 
17 
2 3 
x·· v· 
.390 2,45 
.378 1,94 
.362 1,32 
.4~7 0,83 
,393 6,05 
.462 4.77 
· t.4? 3,68 
.419 2,50 
• 1.1 8 0,110 
.369 0,34 
.424 1 ,38 
2 3 
X· v· 
· 4~8 1,72 
.428 1.44 
.413 1.19 
.414 1 • S 1 
• 1.1 S 1,44 
.415 1 ,48 
.414 1,17 
.1.14 1,06 
.417 0,91 
• 1.1 4 O,?9 
,416 0.70 
.41 5 0,57 
.395 1,76 
.398 1.67 
.397 ',56 
• 1.01 1,44 
.1.01 1 • ::!6 
Table 5 1 . Methanol/Benzene (Kurukehi) - Continued 
4 5 6 7 8 9 10 11 
k' . HL NOG HOG rnI' .. HG k~ Sh . L' G' v 
1. 45 0.760 0.426 2.050 0.04 2.020 208 29,S 
1.23 0.710 0.1.52 1,930 0.04 1.910 173 24.5 
0.95 0.636 0.529 1 ,660 0.04 1.630 139 19,7 
0.67 0.537 0.628 1.390 0.05 1.370 10t. 14.9 
7. ,1.7 1.100 0,~52 2.490 0.04 2,450 42~ 60,1 
2.30 0.1193 0,324 2.700 0.05 2,650 306 44.2 
1 • 9 2 0.838 0.367 2,381) 0.05 2.340 269 36,6 
1.46 0. 755 0.409 2.'40 0.40 7.,"0 203 29,0 
0.66 0,537 0.5118 1 .490 0.40 1.470 9~ 13,4 
0.79 0.539 0.560 1,560 0.40 1. 540 115 16,2 
0.96 0.629 0.549 1,59 n 0.42 1.51'0 150 21,5 
Table 5 1 (Continued) . Ethanol/Benzene 
4 5 6 7 8 9 10 11 
k' HL N .. HOG 
, HG k' Sh ID. L· OG G v 
1 .38 0.610 0"377 2.320 0.15 2.230 132 23,8 
1 • ~2 O.H9 0,430 2,030 O. 1 5 1,950 126 22,8 
1.42 0.622 0.319 2.750 0.14 2.660 115 20.8 
1 .26 0.591 0.366 2.390 0.14 2,310 1P 20.1 
1 .22 0.582 0.376 2.:330 0.14 2.250 109 19.8 
1 .24 ·0.5037 0,417 2,100 0.14 2.010 126 22,7 
1.05 0.547 0.484 1.1\11) 0.14 1 ,730 1115 20.8 
0.98 0.531 0.484 1.1l10 0.14 1 ,730 105 18.9 
0.1\8 0.507 0.726 1 .210 0,14 1.130 137 24,7 
0.80 0.487 0.704 1,240 0.14 1 ,170 11 S 20,8 (').73 0.468 0.762 1 .150 0.14 1 ,080 110 19.9 
0.64 0.441 0.918 0.9';3 0.14 0.1l91 109 19,7 
1. I. 1 0.622 0.27'3 3,200 0.13 3.120 96 17,4 
1.36 0.612 0.373 2,35(1 0.13 2,270 126 22,7 
1.29 0.ll99 0.409 2.140 0.13 2.060 129 23.3 
1.22 0.S85 0.507 1. nO 0.13 1 .650 150 27,0 
1 .11 0.562 0.537 1.1'>3(\ 0.14 1.550 139 25,0 
12 13 14 15 
Re· . 
v 
Se ' v Vl V2 
2850 0,498 59,7. 37.2 
2260 0.493 49.7 31.0 
1570 0,485 40,6 25,0 
923 0,524 28.4 18,5 
7000 0,500 12(),O 75,6 
5200 0.537 82,3 54,4 
4090 0,526 73,4 47,8 
2830 0,514 56,S 36,2 
905 0.515 26,0 16,7 
995 0.490 33.0 20,6 
1550 0,516 41,7 26,8 
12 13 14 15 
Re Se Vl V2 
v v 
2210 0,5 7 2 41,7 28,6 
1850 0,572 39,9 27,4 
2320 0. 567 36,7 25,1 
1950 0.567 35,5 24,3 
1860 0,568 34.8 23,6 
1920 0,567 40,0 27,4 
'51 0 0.567 36.'7 25,1 
1370 0,568 33,3 22.8 
, 1 70 0,568 43,4 29,7 
1030 0.567 36,8 25,1 
901 0.568 35,0 24,0 
737 0.568 34,8 23,8 
2310 0,560 3',0 21,0 
2190 0,561 40.5 27,S 
2040 0.560 41 ,5 28.2 
1880 0.562 4i!.1 32.7 
1650 0.561 44.5 30.3 
a e· Ethanol/Benzene (Continued) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
, , 
HG k'· Sh. Re· SC' VI V2 Run X· v·· kL HL NOG HOG m G v v v 
1 a 
.397 1 .19 1. 07 0.552 0.553 1.580 0.13 1.510 134 24.2 1550 0.560 43.2 29.3 19 • t.OO 1 • Il? (').99 0.335 0.535 1 .640 0.13 1 .570 117' 21.0 1400 0.562 37.5 > 25.5 
2:") .1.01 0.95 0.91 0.515 0.570 1.540 0.13 1.470 111) 19.8 1230 0.562 35.3 24.0 
21 .376 1 .17 1.42 0.626 0.411 ?. no 0.11 2.060 147 26.4 2340 0.554 47,7 32.1 
22 .37° 1.68 1.36 1).1i16 0.476 1.841) 0.11 1.770 16~ 29.3 2220 0.555 52.8 3~.6 
23 .371\ 1. 44 1.22 0.587 0,459 1 .910 0.11 1.1140 13~ 24.0 1900 0.554 4~.3 29.2 24 ~7B 1.45 1 .23 0.;88 0,459 1 .910 0.11 1.1140 134 24.1 1910 '·0 554 43.6 29.3 , . 
• 2.5 .375 1.35 1 . 17 0.576 O. '115 1.700 0.11 1 .640 141 25.4 1780 0.553 45.9 30.9 
26 
.367 1 .19 1.07 0.555 0.1i44 1 .360 0.11 1.3"0 155 27.9 1570 0.548 50.9 34.0 
27 .370 1.04 0.97 0,533 0.'171 1 .530 O. 1 I) 1 .480 1?1l 21 .5 1370 0.552 39.0 26.2 28 .375 0.79 0.81 0.492 0.549 1 .590 0.11 1 .540 88 15.9 1050 0.554 28.6 19.3 
29 .:p3 0./)1 0.82 0,495 0.637 1.371) 0.11 . 1.320 105 18.9 1070 0.552 3(.. 3 23.0 
30 , 313 '-.04 1. 58 0.657 0.505 1.730 0.06 1.690 205 36.6 2770 0.533 68.7 45.1 
31 .306 1.76 , .43 0.629 0.353 ?4S0 0.06 2.440 H'l 21.9 2390 0.531 41.2 27.0 
• > '2 .299 1 • 51 1.29 0.601 0,.4(\8 ;>.150 0.06 2." 0 1 2.2. 21.8 2070 0.5?9 41 • , 26,8 
.. ~ 
.288 1.23 1.15 0.571 0.439 ?.OOO 0.06 1.960 , 1 1 19.7 1750 0.57.6 37.5 24.4 . l ,') 
34 ,279 1 .07 1 .02 0.542 0.442 1.9.<10 0.06 1.950 94 16,7 1480 0.522 32.0 20,7 
.N 
· V.9 0.75 0.80 0.482 0,495 , .770 0.10 1.720 74 13.2 1Q50 0.515 215.5 16.4 ,", , 
~Ii 
· :n 8 0.59 0.68 0.449 0.590 1 .480 0.13 1.420 7n 12.5 824 0.513 24.3 1 5.5 
'. 
and 
= 0.089 (
U Pde)0.808 
,~ v. 
for Re >1700 
v 
(5.4) 
Fig. 5.3 presents the data and the two correlating lines. On 
account of the large quantity of data only 173 points (64% of the 
data) are shown plotted. It was found that 90% of the 270 pOints 
were within + 25% of the correlating lines. 
5.2. Discussion on Liquid Side Mass Transfer Coefficients. 
It was pointed out earlier that the exponent of 9 obtained, by 
* Kurukchi on the term g was unlikely. His correlation was developed 
* 
using three 'organic binary mixtures only, where 0.96<g < 1.03. 
* parison of fractional wetted areas in 
* 
Table 3.1 and values of g 
Com-
in 
Fig. 3.5 indicate values of g as low as 0.96 are unlikely to provide 
complete wetting of the discs. If this was the case some of Kurukchi's 
results would have been distorted by the smaller surface area avail-' 
* 
able for mass transfer. In addition to affecting the exponent on g , 
partial wetting is also likely to affect the Reynolds number exponent. 
Partial wetting is a probable cause of Kurukchi obtaining a higher 
exponent on the Reynolds number than most workers using disc columns' 
(1.03 compared to 0.7). 
Kurukchi's method of calculating the liquid side mass transfer 
coefficients from HL using: 
• L 
kL = ---
'\ aPr, 
(2.45) 
HOG - H 
where HL 
G 
= m 
(2.43) 
was used. In this case HG was calculated from: 
HG 
G 
= • 
kG apv 
(2.44) 
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I 
~nd kG was estimated using correlations 5.3 and 5.4 developed 
in Section 5.1 of this thesis. Section 8.5 includes a 'sample cal-
cula tion of 'the liquid side mass transfer coefficient. 
In order to ascertain the effect of various properties on the 
liquid side mass transfer coefficient it is important that the 
liquid side resistance to mass transfer should be as large as poss-
ible. This resistance is equivalent to the product mHL • It 
follows that the liquid side resistance is magnified by large values 
of m. The experimental results chosen for. investigating the liquid 
side mass transfer coefficients all had appreciable values of m, and 
in general m was larger than unity. Furthermore experimental runs 
were chosen which completely wetted the discs with moving liquid. 
The runs used are summarized at the beginning of Table 5.2. Table 
5.2 shows that a far greater range of values 
* a 
wi th Kurukchi' s work. In fact values of (j 
of q* 
a was used than 
up to 1.9 were used. 
It was pointed out in the literature survey that m is actually 
the slope of the chord BC in Fig. 2.1. In order to calculate this 
it is first necessary to calculate the average compositions of both 
liquid and vapour at the interface. These are determined:-
and 
From equations (2.1) and (2.3), 
. From 
* (y-y ) 
y - Yi = 
= kG (y-y i) 
* (y-y) 
(2.14) and (2.17), 
GM 
and 
= 
= 
y - y, 
1 
y + 
= * (y-y ) 
* (y -y) 
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= 
(5.5) 
In equation (5.5) HG is calculated using the vapour side cor-
relation (5.3, 5.4) and HOG is determined experimentally. Having 
obtained Yi' xi is read off the equilibrium curve and m is calculated 
from: 
* m = y - Yi (2.6) 
x - X. 
l. 
This method was chosen for calcUlating" m for substitution in 
, 
equation (2.43) as m (used by Kurukchi) is only justifiable for 
cases when the equilibrium curve is essentially straight or when the 
liquid side resistance is negligible. 
In his correlation Kurukchi used the Sherwood number based 
upon the depth of the liquid film introduced by Van Krevelen and 
Hoftijzer (ref. 28): 
= (-+-)1/3 P g L (5.6) 
Onda also used this grouping satisfactorily (see equation 2.57). 
Kurukchi showed that with his 3 organic mixtures, plots of log ShL 
against log ReL gave three straight lines. (where ReL = 4r/~). 
A plot of ShL against ReL is shown in Fig. 5.4. A consistent trend 
is shown with the organic mixtures but wide discrepencies are apparent 
with the aqueous mixtures - methanol/water; ethanol/water and 
n-propanol/water. 
Reynold's number takes no account of the effects of molecular 
diffusivity upon mass transfer. Mass transfer is likely to take 
place by molecular diffusion as well as convective processes. The 
Peclet number expresses the ratio of these t",., mechanisms (ref. 32) 
and is calculated: 
= = 
= (;~\ (5.7) 
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In addition to its obvious physical significance, several of 
the correlations reviewed in the literature survey have indicated 
its possible use (2.57, 2.58, 2.59 and 2.60). 
Fig. 5.5 shows that when the Sherwood number is plotted 
against the Peclet number a considerable improvement is obtaineO in 
the correlation of the results. 
The literature surveyed indicated that in addition to having 
an effect upon the effective area for mass transfer (refs. 36, 40, 
41, ,42), the Maragnoni effect may also increase the overall mass 
transfer rate by increasing the liquid side mass transfer coefficients 
(refs. 37, 43, 50, 52, 53, 54) Brian has shown that liquid side mass 
transfer coefficients in absorption may be increased as much as 3.6 
fold .by the Maragnoni effect. 
All the literature surveyed indicated that liquid side mass 
transfer coefficients were increased with positive systems. The:-e 
were however two notable exceptions. Ellis and Diddulph (ref. 50) 
noticed that for absorption with laminar flow,negative solutions 
could give rise to severe rippling (amplitude as much as 0.2mm). 
However they showed that the mass transfer driving force needed to 
produce this rippling was higher than could be expected in distillation 
columns. The other exception was the observation of Boyes and Ponter 
(ref. 43) that a sessile drop could become violently agitated and even 
eject droplets under mass transfer conditions for negative mixtures. 
Measurements taken from the high speed films reported earlier 
in this thesis indicated that the increase in interfacial area due to 
the droplets is negligible. Secondly the interfacial agitation did 
not occur for all situations when negative solutions were being dis-
tilled. 
Positive systems are likely to increase the liquid side mass 
126 
transfer coefficients in the disc column by aiding renewal of the 
surface by eddies (refs. 37, 52). This is consistent with the films 
of the liquid behaviour at the junctions between the discs. The 
positive system showed a very smooth surface which would be consistent 
with eddies spreading over the surface. Similarly negative systems 
are likely to produce smaller liquid side coefficients due to eddy 
repulsion from the surface (refs. 37, 52). The films of the behav-
iour of the liquid film at the junctions between the discs are also 
consistent with this. They show the distorted liquid surface that 
would be expected with eddy repulsion. 
In addition to this local surface renewal effect Moens ·(ref. 54) 
showed that positive systems could give rise to higher liquid side 
mass transfer coefficients through an overall increase in liquid"sur-
face velocity. Negative systems would give rise to an overall de-
crease in liquid surface velocities which would reduce liquid side 
mass transfer coefficients. 
Various factors were considered to take into account the 
Maragnoni effect in the liquid side correlation. It was shown in 
the literature survey that the term ~~ fails to change sign with an 
azeotrope, even though the system changes from a surface tension 
positive to a surface tension negative system. 
Moens overcame this difficulty by defining the Stabilizing Index 
dO" * S where S = - -- (x - x). However, the stabilizing index is dimen-dx 
sional and this mal{es it difficult to include in a correlation. 
Furthermore for some systems plots of surface tension against com-
position show a maximum value in the middle of the composition range. 
At compositions corresponding to these maximum values the stabilizing 
index assumes a value of zero. This further complicates its use in 
correlations. On the other hand these drawbacks do not OCC1lr with 
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* the group ~ er This group shows similar characteristics to the 
stabilizing index as a comparison of Fig. 3.5 and Fig. 5.6 show. 
(Table 5.3 shows the calculation of the stabilizing indices plotted 
in Fig. 5.6). 
Brian and coworkers (ref. 53) showed that the enhancement 
factor 0L, defined 
number, Ma = eri -
by 0L 
er 
* = kL/kL was dependent upon the Maragnoni 
The Maragnoni number increases in value 
~ k * L 
with increase in surface tension positive characteristics. However, 
• the Maragnoni number involves the quantity kL ' the mass transfer 
coefficient in absence of Maragnoni convection. Use of the Marag-
noni number also involves the calculation of cr., the surface ten-
. 1 
sion of the liquid of interfacial composition. The interfacial. 
composition is also hard to establish particularly in design work. 
* The difficulty of calculating kL ' and cri makes the Maragnoni number 
unsuitable for use in correlations. 
Brian and coworkers observed that .a critical Maragnoni number 
had to be exceeded before Maragnoni convection became apparent. 
Fig. 3.3 shows· that there is a drop in NOG between 0.5 and 0.6 mole 
fraction ethanol for the system ethanol/water. It is possible that 
the.critical Maragnoni number for the system ethanol/water occurs in 
this composition range. Support to this explanation is offered by 
Fig. 3.5 and Fig. 5.6 which both show that the system ethanol/water 
has lost most of its positive characteristics at 0.6 mole fraction 
ethanol. 
On account of its simplicity of calculation and its non-dimen-
* 
sional characteristics, ~ was chosen to represGnt the effect of 
Maragnoni convection upon the liquid side mass transfer coefficient. 
* Log ShL/peL was plotted against log er /erand shown in Fig. 5.7. 
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symbols: 
X Methanol/Water . 
10.0 g 
(rei. 57) 
Ethanol/Water -
Iiil 
" 
n-Propanol/Water -
(ref. 56) I-
() Acetone/Benzene l-
. 
5.0 
(ref. 12) 
. 
" 
l-
t Chloroform/Benzene 
(ref. 12) r-
e 
Iiil 
~ 
Iiil ~ 
XX 
Q~ ~ 
" 
01-
X 
. 
-
g jilt t I) 
Cl C> • 
XC> ~ X: +'4 C> 
~~ f1>! -1+ 
2.0 
1.0 C>~~ 
-It) ... 
... fJ 
'" X 
+ X 
I + 
+ 
+ 
... 
0.5 
+ 
0.2 
50 100 200 500 
Fig. 5.4 Liquid Side Mass Transfer Coefficient 
vs 
- . 
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10.0 '-
- symbols: Q 
- X Methanol/Water 
- (ref. 57) 
-
Q Ethanol/Water ~ 
..:... ~ n-Propanol/Water (ref. 56) .. 5.0 
-
f) Acetone/Water Q 
(ref. 12) .. 
+ Chloroform/ 
Q 
- Benzene 
(ref. 12) ! 
X Q 
X 
~ Q 
:.( f) «>,4 
,f) X X + ~f) 
+ X f) .• +~il~ f) 
xX If) f) 
2.0 
1.0 
If) 8l 
)(I X I., 
-i- X ;-
+ 
+ 
... 
0.5 
'" 
" 
-
0.2 
5 10 2 5 
Fig. 5.5 Liquid Side Mass Transfer Coefficient 
vs 
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Fig.5.6 
symbols: 
-,-
--x--
mole fraction of M.V.C 
Stabilizing Index vs composition 
ethanol/water 
ethanol/benzene 
benzene/n-heptane 
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Fig. 
2.0 -
·1.5 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
5.7 Liquid Side Mass Transfer Coefficient 
ShL Q* 
-- vs PeL 
a 
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symbols: 
10 .0 X methanol/Water 
(ref. 57) C;; 
Q Ethanol/Water 
, n-Propanol/Water 
(ref. 56) 
() Acetone/Benzene 
, 
5. 0 (ref. 12) 
+ Chloroform/ I .. 
Benzene .. -
(re!. 12) Q 
X 4 
X) ~ 
0 
.j. Q Q C;; 
++ 
+()X Q 
4 
2. 
Cl Gl I 
Cl l + Cl , Cl 
() X4 + +d)~Cl 0 
" X III ~ Ii + 1. 
'" 
11 
X" X 
+ 
X .,. ,,- .. 
+ 
5 + + o. 
+ 
o. a 
5 5 
Fig. 5.8 Liquid Side Mass Transfer Coefficient 
vs 
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As distillation involves heat transfer in addition to mass transfer, 
the plot was conducted with a narrow range of aiD. (This latter 
grouping is used later in this section to account for heat transfer 
effects). The methanol/wa ter results were used as 27 < aiD < 31. 
The graph has a slope of approximately 2.0. Also Fig. 5.8 shows 
the clear improvement obtained with all the experimental runs when 
* Q" is included as a correlating factor. (J 
The boiling point of the liquid (tB) is less than the dew 
point (tD) of the vapour at any height in the column. Condensation 
of vapour therefore occurs on the surface of the liquid. With ref-
erence to Fig. 5.9 consider vapour of composition y condensing to 
t . 
D --------
------------
ti -------------- .------------
Temp. 
~ --------------
xi x,y Yi 
mole fraction M.V.C. 
Fig. 5.9 Temperature vs Composition of M. V .C· 
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10. 0 
Q 
. 
... . 
0 
• / c 
5. 
.. v/ 
Q , 
... 
" , ~ X V' 
) 
X ~ ~ Q Q 1,-0 V X ++ +, Cl ,/ Q 
Cl ~~, Cl ' 
~ +A X 
1+ ~ Cl ,!:,fi,ft, 0 
2. 
1. 
~r, ... of" 
L.--~ If 
(h X --
~ 
X ... symbols:· '--
.+ 
5 1 / 
:l- T X Methanol/Water (ref. 57) --
Q Ethanol/Water __ o. 
+ ... n-Propanol/Water (ref.56) 
Cl Acetone/Benzene (ref .. 12) 
-
-l + Chloroform/Benzene (ref.12) 
-
5 2 5 
Fig. 5.10 Liquid Side Mass Transfer Coefficient 
Sh vs Pe I CJ*) 3.1 (a) -0.2 I", ......... . 
J, L la- D w~ th 0,998 
____________ ~\ __ ~ __ ~~~L__ ' «~*)< 1,900 
All 74 points are shown.7Cf'!o were + 33% of correlating line 
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'Table 5.2 Liquid Side Mass Transfer Coefficient Calculations 
contains: 
Methanol/Water (UMIST data - r,ef. 57) Runs 11-16,31-35,45-48 
Ethanol/Water Runs 48,65-67,88-93 
n-Propanol/Water (UMIST data - reL56) Runs 43-46 
Acetone/Benzene (Kuruk0hi data - ref.12) Runs 1-21 
Chloroform/Benzene (Kurukcbi) Runs 1-24 
Description of symbols in table:-
Column 1 
2 
3 
4 
5 
6 
7, 
8 
9 
10 
11 
12 
13 
14 
Run 
x 
v 
Re 
v 
Sc 
v 
Ha 
Noa 
m 
HL 
Experimental run number 
Average of top and bottom concentrations in 
column (mole fraction of M.V.C.) 
Vapour velocity based upon free cross 
area of column (ft/sec) 
Vapour side Reynolds Number (:.1e )v 
Vapour side Schmidt Number (~) 
Vapour side Sherwood Number 
p, D 
k' d ,v 
a 
-'-Dv' 
calculated from correlations 5.3, 5.4 
sectional 
Vapour side mass transfer coefficient (ft/hr) -
calculated n.·om correlations 5.3, 5.4 
Vapour side heigh~ of transfer unit (ft) 
calculated from kausing equation 2.44 
Vapour side overall number of transfer units 
(experimental) 
Vapour side overall height of transfer unit (ft) 
Slope of equilibrium curve y* y 
- i 
x - x 
i 
Liquid side height of transfer unit (.It) 
HL = HOO ~ Ha 
'm 
Liquid side mass transfer coefficient (ft/hr) 
calculated from ilL using equation 2.45 
Liquid side Sherwood Number 
136 
k~ C',_,IL ~ ) 1/3 
DL 'p:? 
,g 
15 
16 
17 
18 
19 
20 
21 
Liquid side Reynolds Number 4r 
llL 
Liquid side Schmidt Number (~)L" 
Liquid side Peclet Number 
Ratio of the surface tension of liquid in 
equilibrium with vapour, to surface tension 
of liquid wi th composition x' 
Ratio of thermal(~) 
diffusivities ~Pc p 
" 
* er 
er 
Pe ',( 0'* ) 3.1 
L, er ' 
137 
and molecular mass 
Table 5.2 Liquid Side Mass Transfer Coefficient Calculations Methanol/Water (UMIST Data - r.ef. 56) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Run .X'" v' Rev SC v Shv kG HG NOG HOG m' HL 
I 
k' L 
ShL ReL SCL PeL 0-* (O:/D)L Ll L2 
o· 
1 1 .28 6 49 1720 o.ISe;4 ?~.9 525 1.843 .610 2.016 0. 8 , 0.22 3.117 2.44 148 143 0 21164 , .55 30.2 32 804 41637 • 12 .22 6.89 1750 0.678 2~.2 555 1.847 .600 2.050 1. 07 0.19 4.19 2.44 158 120.0 18960 1.53 29.0 29008 36132 
13 • , 6 7.1S 1750 O.6?1l :?~,9 570 1.849 .540 2.278 1.57 0.27 2.115 1 • J4 173 93.7 16210 1.44 28.0 23342 25779 
'4 .05 7.60 17,0 n ,751 ')7 4 615 1 .841 .370 3.324 4.15 ().36 2.06 0.66 213 58.5 12460 , .1 7 ?7.1 14578 10482 . . 
15 .01 7.65 1680 n.767 211,8 603 1.89 0 .320 3.844 7,76 0.25 2.84 0.110 246 47.3 11635 1.03 27,0 11';84 6596 , . 
.01 7.69 1680 O.77() 26,8. 604 1.893 .2 50 4.920 12.04 0.25 2.8~ 0.17 250 46.1 11525 , .01 27.0 11640 6148 ,I> 
31 .15 8.32 2030 O.6r.9 ZQ.3 651 1 .9!'l3 .555 2.216 1.67 0.19 4.81 2.22 204 91 ,6 18686 1.43 27.9 26721 29103 
32 .07 8,73 21)00 0.740 ~n.6 685 1 .871 .434 :?834 3.57 0.26 3; 29 1.13 ;>38 63.2 15041 , • 2 5 27.1 188(12 15523 
33 • 04 8,78 1970 ".70,3 3n • 11 691 1.1\90 • :;96 3.106 4.40 0.28 3.08 0.1)6 ;>55 55.8 14229 , .16 27 .1 16505 11651 
34 . 02 8,74 19 50 0. 7;'5 311 • 6 690 1 .8112 .368 3.342 6.21 0,24 3.5l 1.00 2'77 48.8 13517 1 .05 27.0 14193 8134 
35 
.01 8.115 1940 0.7(,9 ~ 1 • (I 699 1.8115 .242 5.08.3 18.30 0.17 4.73 ~O,7S 286 46.8 13384 1.02 27.0 13652 7362 45 
.29 8.46 2;>(1) O.6~O ;>9.7 640 1.935 .570 i?158 0.85 0.26 3.91l 2.77 193 145.0 27985 1 .55 30.4 41376 5500<! 
46 .~2 9.09 2;1 (\ 0.677 31 • 5 694 1.9 40 .534 ?303 1 • 14 0.32 3.26 1 .1) 2 ;>08 1111.0 24544 1 • 5 2 28.9 37306 45864 47 
.09 9 
· 
98 2~on 0. 736 ~4. , 763 1.943 .436 :?,821 3.14 0.211 3.58 1.'-8 ;>64 66.9 17661 , .30 27.2 22960 20573 
48 
.03 10.10 2<'50 0.757 14.4 775 1.937 .315 3.905 4.75 0.41 2.33 0.70 301 53.l'l 15953 1 .1 2 7,7.1 17867 11719 
Table 5 2 (Continued) . Ethanol/Water 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Run X~ v Rev SC v Shv k~ HG NOG HOG m HL k' 
'T. ShL ReL SeL PeL &* (0:/0) L Ll L2 
1.8 
.14 4,74 139 n O. &91 7.4. 9 3116 2. 0<;1 7 .37" 2,306 1 .13 n .18 3.50 3.94 111 236.0 26196 , .59 2B.0 41651 56641 
65 
.15 6,70 1980 I) .M5 3A.3 564 2.0:'3 .353 2.478 1 .21 0.38 2.45 2.78 157 241.0 37837 1 .58 27.9 59 782 80284 
66 .12 6.81 19 40 0.917 37 .0 576 2.023 .325 ? • 695 1.58 0.43 ~ . 11 2.16 159 217.0 34503 1 .55 28,7 53479 68597 
67 
.10 6.84 11\60 0.9511 37.4 5113 2.004 .309 2.832 2.24 0.37 2.3? 2.10 161 18/1.0 30266 1.49 30.2 45099 5Zl05 
!l8 
.13 6.78 1950 1).90" 3 .... 8 57Z 2.0?4 .306 2.856 1 • 61 0.S2 1. 75 1. 81 156 235.0 36700 1 .55 28.4 56823 73040 89 
.17 6 '19 1941) 0.1\63 ~4.8 540 2.011 .335 ~. 614 1 • 011 0.5~ 1. 6:! :!.07 149 273.0 40677 , .63 27.3 66303 95476 
· -90 .15 5.46 1611) 1).llil7 "7.3 1,24 2.1 Q 8 .331) ?30S 1 • on 0.11 7.on 8.40 128 241 .0 30846 , .58 27.9 487.39 65455 91 
.16 4.47 1351) O.~IlQ ?,I'. 2 375 2.039 .394 2.2111 0,79 0.23 ~.79 3.48 105 264.0 27720 1.63 27.5 45183 64969 
n .17 3,70 1200 0.,152 7.'.3 333 1 . 11 ~9 .440 1.988 0.69 0.14 :~. 63 4.10 97 218.0 21180,1 , .50 27.2 31784 38467 
93 .17 3.05 922 0.,'3('7 111.9 292 1 • 7~0 .444 1.972 0.89 O. ?Z 1.99 2.54 71 273.0 19410 1 • 68 27.3 32609 50033 
Table 5.2 (Continued) n-Propanol/Water (UMIST Data - ref: 56) 
11 2 3 4 5 6 7 8 9 10 11 12 13 14 i 15 16 17 18 19 20 i 21 I 
Run l Rev Scv Sh. kci , H' NiOG HOG HL ,. ShL I Re L S~L PeL 0"" Ib:/D) L Ll L2 'X .. ~ m· kIi I v G 0 
431.04 7.90 12130 1.142i4".7 61\3 1.990 • 291 ".378 5.70 0.24 3.B2 2.131249 104.0 25896 1. 55 38.8 40138 48472 
44 .06 
, 
7.16 2080 1.1)1;6i 45 . 5 621 1.9i'4 .285 ~.459 2.8;> 0.53 1. 74 11. 3712081155.0 32240 1.80 47.0 58032 92325 45 .04 5.38 1460 ~.1;~ 1~?8 3111 2.4~6 .368 2.674 '5.25 0.01l 8.3/l14.94 1~7 1'0.0 18370 , .60 39 .5 29392 37806 
1.6 
.09 4.51 'a4 0 () 1. rJr,2 ?I'>.O 3~3 2·. 1 ~ 1 .435 2.26? 0.50 0.14 4.35 5.67j125j226.0 28250 1.90 56.5 53675 92202 
Table 5.2 (Continued) Acetone/Benzene (Kurukchi Data - ref 12) 
1 1 12 ! 3 ! _4 5 i 6 i 7 8 9 10 
I Run' X' I 'v,! Rev SCv i Shy kG IIG NOG HOG 
1.25i 1.601 2360Io.'i491:?1I.0IBI.l:2.097 .325 2.692 
2 .25' 1.89 : 2:'90 0.'H"!??7 14912.165 .312 2.804 
3.2412.48:365°1°.';1,8136.9 11\5i2.279;.295 2.966 
4.231 3.461511010.5M;il.8.2 242\2.4371.?93 ~.986 
5 .• 33
1
1 2.1\6141(1) 0.'361141;9 209 2.342 .321 2.726 
6 .30 I 2."8i 415°1°.')57;,.3.2.21612.30,91.301 2.90 7 
1 
7.26, 3.08i 4540 0.5/."i41.;0 221!2.3'1'6 1.290 3.011 
1l.2,.6
5 
,I 2.171319010.'i~O!~~.2 166; 2.2?4 .3101:'..823 
9 1.B6,2?'400.549 i29 3\147\2.154 .2911 <,.936 
10:26! 1.611 237()!O.Sr.117.6:' i131: 2.094,.342 !".5581 
11 .26) 1.7711 87 0 0.551 ;21.6/100:2.0071.392 2.232' 
12 ;.26 ( 1.1!7!276010.~{.()i?O.SI14di2.1SIlI.312 2.804 
13 :.25 f 1.44, 2120,O.'49!?'5.!\ 11 9 , 2.047 .~74 <,.341\ 
1 4 :. 32 i 2. 8:5 i 41 J ° I o. ') 58 I 1.1 : 5 20(' I, 2 • 3391' ~, 9 ~. 74 ? 
15 '.31 i 2.53j 3680,0.558 :37.8 181l 2.2<l1 .314 ?.791 
16',31 \ 2.141 312010.S58!:n.1 165: 2.212i. 322 1,-·7 1i' 11 
17 :.3111.671 2431)Io.';~7in.OI13S;2.108i.354 ~.472 
18 :.~6! 2.79 !3320 1).';1i4135.1117512.240 .341.12.544 
191.3313.32' 48301°.0;611"7.3 236\2.406 .302 ~.897 
20,.32 2.66 3870jO.S59139.41,9712.307 .30212.897 
21 1.32j 2.73 3?401!J.559 'H.1 1702.22" .322 '-.7171 
. 
, 
11 12 13 }4 1 15 16 17 18 19 20 i 21 
m' HL' k;,' ShL i ReL I SeL PeL 0./& (aiD!, Ll! L2 
1.310.45'!1. 9 0!0.1I1 1239 77.7'18570,1.00117.118533110465 
1.27 0.50 2.03Io.116!283 77.512193211.001117.021888112363 
1.22 0.56 2.38
1
1.02i369 77.612863411.00 17.0 28577,16149 
1.1610.41 3.9~, .,r,s:r;17 77 4 4001511.00116.9 39935\22597 
1.031'°.374.1011.761429 78:43363311.01117.633969:19550 
1.120.493.2611./.1:446 78.2!3487711.01,17.435225:20306 
1.150.562.99:1.27:46 3 77.3135789".001'7.135789120284 1.12io.r;~ 2.1"i(I.04iH4 77.81252071,.0017.125207:14279 
1.2810.61 1.6510.71i,771 77.71215221'.00117.1 21479~12129 
1.1510.40 2.1510. 0 3:240 177.81186721,.00117.1 1867Z110571l 
1.05'O.2113.ZII;1.3411901 77.7114763,1.00117.1 14763! 8366 
1.24 0.'i7, ,.0410.1l31?79 I 77.7 21671:S!1.0017.1 21678!1Z289 
~:g7 ~:~~ ~:~~1~:~~!~~~ I ~~:; ~~~~~l~:~~ ~~:~ j~~~~!1;j;~ 
1.00,0.512.6511.14;377178.3 29519!,.01 17.5 29814 i 17174 
1.05 j O.48
1
2.3B!1.n3;320 j 711.225024111.01117.5,125274.114562 
1.09jO.33 2.68'11.16'<,49! 78.2 194711.0117.4 19666i11335 
0.8810.34 3.54 1.~4h44: 7~.5 2700 4 1.0117,7 27274 /
1
15670 
0.9~IO.5?' 3.4'-11.48\1.981711.4 39043 1.0'. 17.6 39433,22690 
1.0'-'io.'i8 2.46j1.061~98! 711.4 31203 1.01 17.5 31515 18148 
1.0<,10.48 2.4Qi1.1171~J3i78.3 26073 10117 51263341511'>6 
Table 5.2 (Continued) Chloroform/Benzene (Kafukehi Data - ·ref' 12) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Run x v Re· Se Sh . k'· HG NOG HOG m.\ HL k'· ShL ReL SCL PeL rr.* (0:/0£ Ll L2 
v v v G L cr 
1 ,19 2,85 4570 0,6011 40 • I) 204 2.383 .?76 3.170 1 ,58 0.50 3.19 1.09 452 62.2 28114 , ,01 13.0 28395 17362 2 .26 3,34 St.t.O 0,6.)1 5<;.8 231 2.463 .305 2.869 , .31 0.31 5.9 El 2.08 ')]9 . 62.6 33741 1 .01 13.2 34078 20757 3 ,26 3,B5 6270 0.1,(\1 67.6 260 2.531 .306 iL859 1,36 0,24 8.1\~ 3.08 621 62.6 38874 1 ,01 13,2 39263 23915 4 ,76 2.91 4740 0,611' 40.9 207 2.400 ,270 '1,241 1,39 0,60 2.67 0,93 470 6?.6 29422 1 , 01 13,2 29716 18100 5 ,26 2,54 4130 I),G01 1.1. .7 11\5 2.335 ,315 2, n!\ 1,55 0,29 4.93 1,73 t.09 62.6 25603 1 ,01 13,2 25859 15753 6 ,26 2,3 11 31170 0,601 
" 2.. t. 176 2.310 .328 2.661\ , ,36 0,26 5.02 1,74 ~84 62.6 2t.03/S 1 ,01 13,2 24278 14790 7 ,26 1,98 3?30 0,601 36.6 1'52 2.2'12 ,313 2.796 1,40 I), (.0 2.73 0,95 ~21 62.5 20062 1 ,01 13.2 20263 12344 8 ,31 2.,1\5 4691) 1),596 49.1 203 2.391 ,:>85 3.070 1,33 0,51 3.09 1,09 465 62.8 29202 1 ,01 13,4 29494 17922 9 ,31 2.61 4300 n,596 4<;. 8 189 2,351 ,287 3.049 1 ,38 0,51 2.85 1 • ~ 5 426 62.8 26752 1 ,01 13,4 27020 16416 10 ,31 2,25 3690 0, ;;,)7 4n.5 167 2.2·;9 ,:::04 2,874 1.50 0,39 3.1 'i 1 , 11 '167 62.6 22974 1 ,01 13,4 2~203 14097 11 .31 1 , 93 ::;<'60 0,597 31,.6 151 2.234 .2.7 A 1:.147 1,40 O,6'i 1 .611 (),~9 ~24 62.8 20347 1 ,01 13.4 20550 12489 12 .31 1 ,1,2 2t';70 I) • 59" 31 .2 p9 2.148 ,2.8? 3.049 1,39 t!.6,) 1. B 0.49 ;>65 62.8 16642 1 ,01 13,4 16~O8 10213 13 ,:0:1 1 • ;> 3 20?0 0,59 t'; 2.4.9 103 2.03'> .375 ;>.333 1.45 0,20 3.36 1. 1 6 ;>01 62.8 12622 1 ,01 13,4 12.749 7746 14 .28 4.97 ":~50 o,6',n 50. 8 210 2.411 .30B 2.841 1,36 0,32 5.20 1 .112 481 62.7 30158 , ,01 13,3 30460 18539 15 ,79 1 .56 25(1) O.59? 30.1 pS 2.1'31 .317 ~.760 1,44 0.44 1. 9 ~ 0.70 ;>54 67..8 15951 1 ,01 13,3 16110 9798 16 .~O 2.89 47 30 0,5911 49.6 205 2.3"11 • Z.99 ;0.926 1 ,31 0.40 3.96 1 • ~9 469 62.8 29453 , ,0' 13,3 2Q747 180119 17 .79 2.3 8 3B90 0.59/l 42.3 175 2.311 .2.72 '1.217 1,35 0,67 1 .9'" 0,69 ~86 62.8 24240 1 ,01 13,3 2t.41l3 '4890 la 
.29 1 .65 2700 o • 59!! 31 . 5 130 2.149 .292 2.997 1,37 0.62 1 • 4~ 1).52 ;>68 62.6 16776 , ,01 13,3 16944 10305 19 
.29 0.89 1460 o • 59B 22.5 93 1.630 .401) 2.141. 1 ,35 0,31\ 1.30 0.46 145 6~. 8 9106 1 .01 13,3 9197 5594 
20 .(.3 3,4(1 6(51) 1),576 58.3 236 2.';14 .282 :'1.103 1).84 0,70 2.6~ 0.1) 8 607 63.1l 38726 , .00 14,9 38687 2~482 
21 ,54 2,22 3810 fl.581 40. 5 1~4 2.302 .309 ;1.827 0. 9 7 0,54 2.20 0.110 ~81 63.6 24231 1 ,00 14,4 24231 14207 22 ,54 1 ,03 1770 1).581 2.1 .8 113 1.9~4 .:>;85 2.274 0.92 0,32 1.76 0.64 177 63.6 '1257 1 ,00 14,4 11257 6603 23 .52 1 .12 1910 0,583 23.2 94 2.016 .3 70 ?.36~ 0,96 O,~6 1.67 0.57 191 63.5 12'2~ 1,00 14,3 1"128 7122 24 .52 0,92 151l1) 1),583 2~.5 95 1 .647 .417 2.098 0.9 ? 0.49 1.02 1).~7 158 63.5 10033 1,00 14,3 10033 5893 
Table 5.3. Calculation of Stabilizing Index, S da * = - - (x-x) dx 
a) Ethanol/Water 
* .da 
* da * a x x-x - - (x-x) dx dx a 
.05 -183 .045 82.30 1.31 
.10 -87.4 .093 81.30 1.51 
.15 -59.0 .137 80.90 1.64 
.25 -36,1 .222 80.00 1.80 
.35 -15.2 .296 45.00 1. 75 
.45 -11.3 .348 39.00 1.55 
.55 - 7.2 .303 22.00 1.25 
.65 - 6.2 .152 9.40 1.07 
.75 - 3.3 .050 0.67 1.02 
.85 - 1.0 0 0 1.00 
b) Ethanol/Benzene 
* da 
* da * a x x-x - - (x-x ) dx dx (j' 
.05 3.98 .039 -0.155 0.99 
.10 1.55 .077 -0.119 0.99 
.15 0.20 .114 -0.023 0.99 
.20 -2.09 .152 0.318 0.99 
.25 -3.32 .188 0.625 1.00 
.35 -3.50 .244 0.854 1.04 
.45 -3.50 0 0 1.00 
.55 -3.50 .. 205 -0.718 0.96 
.65 3.50 .210 0.735 0.94 
.• 75 -3.88 -.181 
-0.730 0.94 
.85 -5.70 -.128 
-0.730 0.95 
.95 -8.55 -.047 
-0.402 0.98 
141 
Table 5.3. (Continued) 
c) Benzene/n heptane 
" 
-
* dcr * _ dcr * cr x dx x-x (x-x ) cr dx 
.05 1.39 .025 - .035 0.99 
-
.15 2.04 .072 - .147 0.98 
.25 2.73 .110 - .300 0.97 
.35 3.44 .140 - .482 0.97 
.45 4.17 .155 - .645 0.96 
.55 5.27 .155 - .815 0.95 
.65 6.25 .140 - .875 0.95 
.75 9.53 .100 - .953 0.96 
.85 18.20 .050 - .910 0.97 
.95 25;00 .010 - .250 0.99 
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give a thin layer of liquid of composition x .. 
1 
This liquid layer 
is richer in the less volatile component than the bulk liquid. It 
is necessary for the more volatile component to diffuse through this 
layer if it is to be vaporized. The diffusion rate through this 
layer is proportional to DL, the molecular diffusivity. 
If vaporization is to take place at the surface, it is essential 
that heat should be available at the surface. This heat is largely 
supplied by. the latent heat given up by the condensing vapour. As 
the vapour condenses at a higher temperature than that of the bulk 
,liqUid (tB), heat is likely to diffuse away from the surface. The 
rate of heat flow from the surface into the bulk liquid is ,related. 
to a, the thermal diffusi vi ty (a = k/ pep) . 
These two effects that would result from a condensed liquid 
film are taken into account in the correlation for the liquid side 
mass transfer coefficient using the dimensionless group (a/D). The 
* 
exponents of the two groups aiD and ijf were calculated using least 
squares analysis. 
Assuming that the form of the correlation was: 
= c (5.8) 
least squares analysis was conducted using values of P between 
0.0 and 3.5 and values of'(5 betwee,n - 0.5 and 0.2. Increments of 
0.1 were used for both P and <:5. All the experimental runs reported 
in Table 5.2 were used. 
The results of the analysis indicated the optimum correlation 
was: 
= 0=' [;; . (~) ,., (~f' ] :.'" 
(5.9) 
113 
This allowed k~ a DLO•5 , which satisfies the penetration 
theory. It is expected that in the disc column the surface would 
be continually renewed as a consequence of the liquid running over 
successive discs. 
, 
The correlation indicates that kL showing that 
surface tension positive systems result in increased liquid side 
mass transfer coefficients when the discs are completely wetted. 
,This is consistent with '.other workers (refs. 37,' 52, 53, 54). 
This Furthermore the correlation shows that k~ a r 0.625. 
again agrees fairly closely with other workers who found that in 
gisc columns the exponent on r was between 0.5 and 0.7. 
Fig. 5.10 shows all the liquid side experimental runs and 
includes the correlating line (equation 5.9). 70% of the pOints 
were ~ 33% of the correlating line. 
5.3. Overall Fit of Correlations. 
In order to check the validity of the correlations developed 
in this thesis, a comparison was made between the values of NOG 
predicted by the correlations and those obtained experimentally. 
The experimental results used were those obtained in this work and 
Kurukchi's work. They were supplemented with all the UMIST results 
used earlier in this project. Altogether 508 experimental runs were 
considered. 
The overall height of a transfer unit was calculated using: 
= + rnHL (2.21) 
where HG was calculated using the correlations (5.3) and (5.4) 
and HL using correlation (5.9) 
m was calculated as: 
* y - Y i
m = 
x - x 
i 
144 
The interfacial compositions (xi' Yi) were calculated 
the f~ct that line BD (Fig. 2.1) has a slope of _ kL = 
kG 
using 
For cases in which the discs 'were only partially wetted, the 
values of NOG predicted by the correlations were corrected by multi-
plying by the fractional wetted area, f. 
A sample of the whole calculation is shown in Section 8.6 and 
. the results for all the runs are shown in Table 5.4. The results 
are plotted in Figs. 5.11 to 5.18 in the form of experimental NOG 
against predicted NOG (calculated from equations 5.3, 5.4 and 5.9). 
These plots show that although there is generally good agreement 
between predicted and experimental results, considerable deviation 
may occur for the runs wi th partial ,vetting. This is shown in the plots 
for ethanol/benzene and benzene/n-heptane results (Figs. 5.16, 5.18) • 
. 
In both cases, for partial wetting, experimental values of NOG are 
much higher than predicted values. Only data with fractional wetting 
exceeding 0.30 are included. Most of the runs with partial wetting 
had a fractional wetted .area in the range 0.30 to 0.70. 
It is to be recalled f~om the discussion in Section 3.4 that 
difficulty was experienced in maintaining a steady boil up rate for 
the system benzene/n-heptane for the lowest of the boil up rates 
investigated. This di.fficulty is reflected in the inconsistency 
between the vapour and liquid compositions at the top of the column, 
and also at the bottom of the column. This feature of the experi-
mental results obtained at low boil up rates suggests that these runs 
should not be treated as flrm experimenta.l evidence. 
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0 • .6 
0.4 
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o 
o 0.2 0.4 0.6 0.8 1.0 
predicted NOG 
Fig. 5.11 Methanol/Water Comparison of Experimental and 
Predicted NOG 
(data of Cakaloz - ref. 57) 
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Fig. 5.12 Ethanol/Water Comparison of Experimental and 
Predicted NOG 
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1.0 
0.8 
0.6 
0.4 
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Fig. 5.13 
symbols: 
6 
0.2 0.4 
predicted NOG 
n-Propanol~Vater .- Comparison of Experimental and 
Predicted NOG 
data of Kurukchi (ref. 12) 
data of Fresco (ref. S6) 
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iso-Propanol/Water Comparison of Experimental and 
Predicted NOG 
data of Kurukchi (ref. 12) 
o this work 
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Fig. 5.16 Ethanol/Benzene Comparison of Experimental and 
Predicted NOG 
symbols: 
:5"10.45 IS! x mole fraction ethanol 
0 x ,<, 0.45 mole fraction ethanol 
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Fig. 5.17 Acetone/Benzene, Chloroform/Benzene 
Comparison of Experimental and Predicted NOG 
(data of Kurukchi ref. 12) 
symbols: 
Cl Acetone/Benzene 
+ Chloroform/Benzene 
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Fig. 5.18 Benzene/n-Heptane - Compari~on of Experimental and 
Predicted NOG 
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Table 5.4- Predicted NOG and Comparison with Experimental NOG 
contains: 
Methanol/Water (UMIST data - ref. 57) 
Ethanol/IVater 
runs 
runs 
1-49 
12-93 
n-Propanol~Vater (Kurukchi data - ref. 12) 
n-Propanol~Vater (UMIST data - ref. 56) 
Isopropanol/IVater 
runs 
runs 
runs 
1-16 
1-46 
1-44 
Isopropanol~Vater (Kurukchi) 
Methanol/Benzene (Kurukchi) 
Ethanol/Benzene 
runs 
runs 
runs 
1-36 
1-42 
1-79 
Acetone/Benzene (Kurukchi) 
Chloroform/Benzene (Kurukchi) 
Benzene/n-Heptane 
runs 
runs 
runs 
1-21 
1-24 
1-69 
Description of symbols in table:-
Column 1 
2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 
13 
Run 
x 
v 
Re 
v 
Sc 
v 
Sh 
v 
Experimental run number 
Average of top and bottom concentrations in 
column. (mole fraction of M.V.C) 
Vapour velocity based upon free cross 
sectional area of column (ft./sec.) 
Vapour side Reynolds Number Gd /~ 
e v 
. Vapour side Schmidt Number (~/ p D) 
v 
Vapour side Sherwood Number k diD 
G V 
calculated from correlations 5.3, 5.4 
Vapour side mass transfer coefficient (ft/hr) 
calculated from correlations 5.3, 5.4 
Vapour side height of transfer unit , 
calculated from kG using equation 2.44 
Liquid side Reynolds Number 4r 
~L 
Schmidt Number (~\ Liquid side 
Liquid side Pedet Number 
PD) L 
Ratio of the surface tension of liquid in 
equilibrium with vapour, to surface tension 
of liquid with composition x 
Ratio of thermal ( ~) 
diffusi vi ties ,pCp 
and molecular rra~ss 
154 
14· 
15 
16 
17 
18 
19 
20 
21 
m 
f 
CALC. 
NOG 
EXP. 
NOG 
Liquid side Sherwood Number 
calculated from 
correlation 5.9 
I • (, 2 )1/3 kL 11 
DL p2 g L 
Liquid side mass transfer coefficient (ft/hr) 
calculated from correlation 5.9 
. Liquid side height of transfer unit (ft) 
• calculated from kL using equation 2.45 
Slope of equilibrium curve Y* - Yi 
x - xi 
Vapour side overall height of transfer unit 
calculated from 5.3, 5.4 and 5.9 (ft) 
Fractional area of surface of discs 
covered by liquid stream 
Predicted vapour side overall number of 
transfer units corrected for fractional 
wetted area 
Experimental value of vapour side overall 
number of transfer units. 
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Table 5 4 Predicted NOG and Comparison with Experimental NOG Methanol/Water (UMIST Data Ref 57) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, a: , CALC. EXP. Run x v Re Sc Sh kG HG ReL SCL PeL (a!D)L ShL kL HL m HOG f NOG NOG v v v (J 
1 .'f9 3.13 n~o 0.4<; 19 . :> :H9 1.<'7 169 107.1 111 09 2 1. 01 2~.6 0.1l4 1.39 o • 51 0.56 1 .51 1.00 0.81 0.99 
2 .96 3.21 13"'0 0.4f. 19. "1 3~4 1.'tt. 162 1.1 ~ .9 11\611 1 .04 2~.7 0.91 1 .42 0.50 0.43 1.46 1. 00 0.114 0.1i9 
3 • 9 ~ 3.31 1 HO 0.47 19.9 391 1 .26 156 122.<; 19111 1. 07 2~.Q 0.9 9 1.47 0.49 0.40 1.4S 1.00 0.114 0.1l? 
4 
.73 4.02 14 ~O U.<;;> 21. 3 435 1 .311 141 154.7 211\15 1 .27 2".5 1. 47 1 .81 0.41 0.47 1 .5 S 1. 00 0.79 0.89 
'5 .71 4.11 , 1.60 (1.52 21 .5 441 1.39 140 157.'5 V048 1.29 21S.9 1 .51 1 .84 0.41 0.1.1 1.56 1. 00 0.78 0.81 
6 .49 5.23 1600 0.511 23.7 SIl3 1 .54 13~ 172.9 23347 1 .50 3n.7 2.0/1 2.36 0.3~ 0.52 1 .71 1. 00 0.71 0.73 
7 .45 5.40 161 /) 0.(1) 24.0 ~12 1 .57 135 171 .6 2'1160 1. 57 31 .1 2.11 2.40 0.32 0.57 1 .76 1. 00 0.69 0.61\ 
1\ 
.42 5.f,~ .. 61.0 0.61 '24.4 S?3 1.59 13'" 11'~.6 229?5 1 • 5 4 31. 3 2 • 1 5 2.49 0.31 0.60 1 • 78 1. 01) 0.(,9 0.67 
9 .37 5.9' 1670 0.(,;> 2 t • • 9 531l 1.(,(,. 11.1) 161.4 22593 1 • 5 f, 31.~ 2 • 111 2.63 0.30 0.61\ 1 .114 1. 00 0.66 0.65 
10 .33 6.12 169 0 0.6' 2 ~ . 2 'j4/1 1. Mo 147 15,<,.1 221 '59 1.59 31.7 2.24 2.77 0.2/1 0.7'<' 1.87 1. 00 0.f.5 0.64 
11 .28 6.49 1720 0.65 24.0 575 1 • 1\ 4 14R 14>;.1 21178 1 • 54 31.1\ 2.0(. 2.75 0.29 0.85 2.09 1. 00 0.58 0.61 
12 .22 6./19 ~ 7'50 O.('R 2~.2 555 1 • 1\ <; 1')11 119.1\ 11\'1>;5 1. 5~ 30.'5 1.90 2.96 0.27 1. P 2.14 1. 01) 0.57 0.60 
13 .16 7.15 1750 0.70 25.9 576 1. 1\ <; 1 7 'I 9~. 9 1'<'2~8 1.44 2R.'1 1 .53 2.95 0.26 1.78 7.32 1. on 0.53 0.54 
14 .05 7.(.(1 1710 0.75 ?7.4 f.15 1.84 21' :'/1.<; 124(,6 1 .17 2<;.9 0.1l8 2.48 0.30 4.29 3.12 1.00 0.39 0.37 
1 5 .01 7.6~ 1(.RO 0.17 2"'./1 6/)3 1 • /19 24f> 47.~ 11643 1 • 0 'I 2<;.1l 0.61'> 2.17 0.33 8.60 4.74 1. 01) 0.26 0.3? 
1f. .01 7.69 ' 6/\ 0 0.77 21'>.0 604 1 • H9 2S0 41,.2 11545 1 .01 2'5.8 0.6'1 2.12 0.34 10.01) ~.?6 1. 00 0.73 0.25 
·17 .99 3.1i2 15!,(l 0.1.5 21 .4 417 1 .20 195 107.5 20970 1. 01 2~.6 O. 9~ 1. 53 0.54 0.55 1 .58 1. 01) 0.76 0.87 
1 1\ .95 3.n 10;'70 0.1.6 ?1 . 7 I.? 3 1 • 31 11\'" 111'-.1 21590 1. 01. 23.7 1. 01 1.56 0.53 0.4<; 1 .55 1 .01) 0.78 0.80 
19 .93 3.r<0 15RO 0.47 21 .1:\ 421\ 1.32 181 120.7 211144 1 .07 2~.9 1. 07 1 .61 0.51 0.4? 1.53 1. on 0.79 0.74 
2(1 .73 4.63 1670 0.52 23.4 477 1. 44 167 154.9 2'50 9 4 1 .27 26.5 1. 61 1.98 0.43 0.4? 1 .63 1. 01) 0.75 0.78 
21 .71 4.73 1"'90 O.'i2 25.6 4113 1 .45 1 f. 1 157.4 2554" 1. 21\ 2"'.1l 1 • 6 4 1.99 0.43 0.41 1 .62 1 • 0 I) 0.75 0.82. 
22 .1'2 5.2'" 1750 0.;5 ZO.:>' 473 1.1\6 157 161\.7 2"41\6 , • 3 (, 21l.7 1 .89 ?17 0.40 0.43 ?02 1. 01) 0.f.0 0.74 
2' .61 5.33 17"0 0.55 2().f> 429 1 • H 5 157 169 .0 2"'~39 1 • 31\ 211.9 1 • 93 ?21 0.40 o • 4.3 2.n2 1 .01) 0.60 0.76 
24 .5>'1 5.52 1790 0.51, 21 .1 1.43 1 • /15 157 170.9 2('1l30 1 • 4;> 29.4 2.0'1 2.32 0.38 O.Lt. 2.n2 1. 00 0.60 0.75 
25 .53 5.1~ 1/110 0.57 21 • 11 4~(J 1. 1<5 155 1 (2. S 2f."/H 1.41\ 311.1 2.2? 2.~1 0.35 0.4'5 2.fl1 1. 00 0.61 0.71 
2f. .41\ 6.09 11150 O.S9 ?~.R 4R5 1 .1:\7 1 S '" 1(2. R 21)958 1 • 511 3n.1l 2.27 2.57 0.35 O. :;7 ?n<; 1. 01) 0.60 0.71 
27 .42 6.42 11:1/{O O. I'> 1 23. ~. 510 , • I< 7 157 1f.9.<; 2f.6/)9 1 .5 t.. 31 • ~ 2. Yi 2.71 0.33 0.62 2.08 1 • on 0.';9 0.67 
28 .38 6.72 1910 0.f.2 24.7 53? 1 .IH\ 160 16~.fl 7f.233 1 • 5 f, 3~.6 2.39 7..83 0.37. 0.6f. 2./)9 1. on 0.58 0.65 
29 .33 7.07 195n 0.6~ ~S.7 S'i7 1 .. 88 1 f. t. 155.9 2<;')66 1. ~(, :S 1 .7 2.37 2.94 0.31 0.76 2.12 1 • 0 (l 0.';8 0.6~ 
30 .2P- 7.51 1990 0.('5 2".'1 ,90 1. 89 1 71 142.3 24'j27 1 • 51. 31. (, 2.24 3.00 0.30 0.8'5 ?15 1.00 0.57 0.61 
31 • 1 5 8.32 2030 0.70 2'1.3 6S1 1 .90 20 /• 91 .6 1R685 1.4~ 211.4 1.66 3.25 0.21\ 1 .711 2.40 1. 01) 0.51 0.56 
32 • 07 ~. n 20(\() 0.71 • 30.6 61<S 1 . i' 9 23R 03.2 151)'>2 1 • 2 f. 26.0 1 .1" '1.02 0.,,9 3.59 2 .92 1. 01) 0.42 0.4~ 
)3 
.0 4 R.7/1 1971) O.lS 3/).K 691 1 . 1<9 ('S~ 'i5.I' 1"2~7 1 • 1 'i 2'5. 9 0.94 2.73 0.31 4.64 3.33 1. 01) 0.37 0.40 
34 .02 1'>.74 1950 0.75 3 ( •• b 690 1 . 88 277 48.9 1~543 , • 0 <; 25.11 0.76 2.43 0.34 7.70 4.52 1. on O. ?7 0.37 
15 .01 8.85 1940 0.77 31 . n 699 1 • 1\ R NI(' 4f..Po 1 ~392 1. 07 2<;.11 0.71 7.35 0.3'; 11.00 5.76 1 • Of) 0.21 0.24 
_._-_. _._--------------------------------------------------
Table 5.4 Methanol/Water (UMIST) Continued 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
. , ~ I CALe. EXP. Run x v Re So Sh kG HG ReL SOL PeL (ex/D)L Sh kL HL m HOG f v v v L NOG NOG 
.~ " ."9 4.31, 11\70 li.4~ 1i'.!! 31, S 1 . 1\ 7 2Y~ 1()8.(l 25164 1. 07 23.6 1 • () 6 1 .73 0.57 0.56 2.19 1.00 0.56 0.71 
F 
· -- (., 4.27 11\00 (J.4~ 17.5 31.2 1. il" 214 97.2 20795 1 • 04 20.0 0.99 1 • 8 3 0.52 0.51 ;> • 1 2 1.00 0.57 0.69 V~ • 9 ~ 4.3f> 18111 v.47 17 . 1\ 31.'1 1 .116 ?Oll 1 ~ 1 .9 2S:Hil 1 .07 24.1 1.17 1.74 0.55 0.49 2.13 1. 00 0.57 0.73 
30 .17 5 •. S 3 1920 0.'52 20.i' I,n 1 . 1\ 8 1 RI) 155.7 28'11i3 1.(7 2fJ.6 1. 71i 2.16 0.~1i 0.41 2.07 1. 00 0.59 0.75 
40 .70 5.47 1'11.0 0.52 21.1 4:'-2 1 . (j 8 184 151l.4 29149 1 .29 27.0 1. 81 2.19 0.45 0.39 ?05 1. 00 0.59 0.75 
41 .51 6.69 20'10 (l.;/( 21..6 571 1 .90 1 7·' 1i'2.1\ 30~i'\i' 1 • 411 30.4 2.40 2.71 0.37 0.48 2.08 1. 00 0.58 0.68 
42 .46 7.1 Q 21 SO 0.59 2 i> • 1 5';6 1 • '.11 11'0 171 .9 3094'" 1.52 31.0 ,.53 2.1l7 0.36 0.5'6 2.11 1. 00 0.58 0.71 
43 
· 1.2 7.3~ 21 5 () 0."'1 26.5 Sf,9 1 • q 3 18r) 169.3. 304111 1. 54 31·.3 ". S7 2.96 0.35 0.61 2.14 1. 00 0.57 0.62 
41~ .35 7.91 2210 (I. (,.~ 2 il . 1 (,119 1.'.13 11i5 159.7 29553 1.56 31.5 2.58 3.14 0.33 0.74 ;> .17 1. 00 0.56 0.61 
45 .29 11.4f, 22"'r) 0."'5 29.i' 61./'. 1 .93 193 145.7 . 2R114 1. 55 31.8 2.46 3.23 0.32 0.83 2.20 1. 00 0.'55 0.57 
46 .22 9.09 2:~ 10 o . /,1\ 51 . ~ (,04 1 .9 1, 20R 118.5 21.6~/+ 1. 52 30.4 2.21 3.48 0.30 1.13 2.28 1. 00 0.54 0.53 
1,7 .09 9.'111 7300 1).1 G 31... 1 7"'3 1 . 'J ~ 261.. 67.0 17691 1. 30 26.1 1. 35 3.43 0.29 3.11'> ?87 1. 00 0.43 0.44 
1,8 
· 0 ~ 10.1(\ ?;> 5 () 0./6 34.5 775 1 • 'I I. 301 53.0 15945 1. 1 2 25.11 0.94 2.116 0.34 5.00 3.62 1. 00 0.34 0.31 
40 .0 n 10.20 ??30 (t • ·,7 'II..~ ·/~4 1 . <,13 331\ 4S.S 1~?96 1 .01 25.8 0.75 2.55 0.37 10.00 5.65 1. on 0.16 0.25 
Table 5.4 (Continued) Ethanol/Water 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, 
* 
, CALC. EXP. Run x v Re So Sh kG HG ReL SOL PeL g (CX/D)L ShL kL HL m HOG f NOG NOG v v v 
12 
· 6~ 2.~'" 1 5 5 0 O.~? ?~.4 95 1 .5 1 114 312.5 35600 1 .09 49.R 1 .36 0.90 0.116 0.41'. 1.92 1. 00 0.46 0.35 
13 .62 2.111 152'/ n.S2 22. f' 320 1 . !> n 1(.9 317.2 34571 1. 08 1,9.4 1 .31 0.86 0.1\8 0.47 1.92 1. 00 0.46 0.40 
14 .62 7.8<; 1 530 {J.~Z 2<.2 3n 1 .52 110 321.8 351..02 1. 08 49.0 1 . .5 C; 0.B7 0.B7 0.47 1.93 1. 00 0.45 0.44 
15 • 6 ~ 2.73 11.RO (l • ~ 1 21 .6 311. 1 • l. H 101\ 315.11 3~470 1 .07 1.9.5 1 .28 0.84 0.B7 0.47 1.90 1. 00 0.46 0.50 
16 .60 2.60 H2O (I.~:: 21 . , 3119 1 .1..'1 1 01 343.11 34776 1.12 t.7.0 1 .44 0.87 0.81 0 .... 8 1.87 1 • 0 I) 0.47 0.53 
17 .60 2.69 1420 li. S.3 21. (: 309 1 • l. 9 101 343.0 3461.3 1 .13 ,.7.0 1 .46 O.lill 0.80 0.48 1.87 1.00 0.47 0.5? 
1 t1 .58 ~.6" 13!1() 11. '> ~ 20.Y 50,> 1 . 1,9 97 363.1'> 35,56 1 .16 4S.1i 1 .55 0.88 0.77 0.48 1.115 1. 00 0.47 0.39 
19 .~" 2.72 13"0 (I.~5 21 .1 30& 1 . 5 (I <;7 395.7 3f142.3 1 .21 43.6 1. 80 0.94 0.12 0.43 1 .81 1. 00 0.48 0.62 
20 .55 2."1'> 1330 (J.~5 20.7 31l,? 1 .50 9~ 4:56.7 40790 1. 25 41.7 1.99 0.94 0.69 0.39 1.77 1. 00 0.49 0.47 
21 • S 1 2.51 17(l0 (/ • 5.'\ 1 9 . (, ?118 1 • l.K 84 519.1 43712 1 .41 .39.2 2.65 1.06 O.SIi 0.31\ 1.70 1.00 0.51 0.54 
22 .49 c.44 1150 ,) • ~ x 19. 1 21<2 1 • 41< 8(' 5')6.5 441:\55 1 .43 37.2 2.77 1 .03 0.55 0.39 1.69 1. 00 0.52 0.63 
2 .~ 
.49 2.31'> 111 0 O.~K 1 R . 7 ." 7 f. 1 .4f' 77 55~.1I 43241 1 .44 :H.O "£ .17 1 .04 0.53 0.40 1.67 1 .0 rt 0.52 0.61 
? I, • 4 5 2.45 1 () 9 I) v.61 1 1\ • 8 ?7<; 1 . 5 r. 7(-, 542.9 415114 1 • 51. 34.1 3.11 1 .19 0.45 0.3"6 1.67 1. 00 0.53 0.56 
25 .39 2.47 1020 0.1>5 1 f, • 4 276 1. 53 71 512.~ 3f,l911 1 .66 29.6 3.37 1. 36 0.37 0.31i 1.66 1. 00 0.53 0.51 
1.1'> • :~9 2.5? 1 (, 3 n 11."'6 11' . 5 779 1 . 51. .,1 ~f)2.8 3(-,153 1 .66 28.9 3.34 1. 37 0.3" 0.3(., 1.67 1. DO 0.<;3 0.52 
. , 
Table 5.4 Ethanol/Water (Continued) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
• 
'3* • CALC • EXP • Run x v Re SCv Sh ka Ha ReL SCL PeL (a/D)L ShL kL HL rn HOG f NOG NOG v v 
27 .34 2.4(, 954 0.60 1 7 . " 7.71 1 . ~5 67 47 .... 1 3181\4 1. n 27.7 3.37 1.47 0.31 0.42 1 .68 1. 00 0.52 0.51 
211 .31 c.S? ')111 0.73 1 7. /I 171 1. 59 (,(, 44f..p. 20 <'>'11 1 .81 27. ? 3.511 1 .61 0.211 0.44 1 .71 1. 00 0.51 0.51 
?~ .?/l 2.54 ':IO~ u.'15 17.7 271 1 . "" 0 
"''' 
';15,7 2701,3 1. 79 26.11 3.25 1 • S9 0.27 0.41\ 1. 73 1. 00 0.51 0.52 
30 .2~ 2.61 x 71. 0.79 1 ? • 7 271 1 .64 64 3/0.7 (,7.,197 1.77 26.S 2.95 1 • I, 0 0.26 0.54 1.78 1.00 0.49 0.54 
.\1 .20 2.61 /l7.,3 (I. In 1/ . 4 N,t\ 1 .6 f> I);> ... (,0 • R 20515 1 .71 21,.7 2.50 1 .52 0.26 0.6(, 1. R4 1.00 0.48 0.54 
.32 .14 2.17 80il 0.90 17. S ?7? 1 . 7 4 <'>4 233.2 150R5 1. 57 2R.0 1 .75 1.46 0.26 1. 2.5 2.06 1. 00 0.42 0.52 57., 
.1>1 4.94 ;;>050 (). 52 n.'1 :103 2.14 189 325.7 1)1470 , .11 4R.8 1.99 1.26 1. 03 0.47 2.63 1. 00 0.33 0.29 
31. .60 4.(,7 7470 0.53 7~.'i 376 2.P 1 7" 7.,40.7 5'1<;56 1.12 4 i. 4 2.03 1 .23 0.99 0.41l 2.60 1. 00 0.34 0.24 
.15 .59 4 • 77., ;>I.RO 0.53 76.< .1 P.1 2.11 176 ... 50.1 61613 , .1/. 46.5 2.13 1 .26 0.97 0.47 2.57 1. 00 0.34 0.34 
Sf. .57 4.<'>P. 7410 0.~1. 7(,.1l 379 2.11 171 3rR.7 6l.150 LV 44.4 2.51 1. 37 0.86 0.4.6 2.51 1. 00 0.35 0.50 
37 .55 4.5? ?2
'
,0 0.55 :>~.~ :571 ?O~ 159 430.6 6114(,1 1. 2~ 4?0 2.76 1. 33 0.83 0.40 2.41 1. 00 0.~6 0.45 
38 .50 4.2R 70 0 0 (L~7 74.S :5 ~6. ? • C· (, 1 4~ 555.1l 8051l1$ 1 .31 36.6 3.37 1 .26 0.81 0.3R 2.36 1. 00 0.~7 0.48 
.59 .43 4.4P. 1950 0.63 ?~.3 .s7~ 2.07 n6 ~.5~.1 77777 , .5 0 32.4 3.62 1.40 0.68 0.34 2.25 1. 00 0.40 0.54 
40 .41 4.3~ 11l1.f) 0.64 2/,.7 Ho 2.(111 1 ? 0 ~2? <) 67451 1 .61 30.8 4.62 , .83 0.49 0.'33 2.17 1. 00 0.40 0.49 
41 .39 4.51 1 M70 tl.I,5 25.b 5114 2.00 131 51?? 67091 1 .6 Il 29.7 4.90 1.98 0.46 0.36 l' • 1 6 1. 00 0.40 0.49 
42 .3'l 4 •. 5 1• 1 ~ ~ fJ (I.6f, 2., • 7 :S R.l Z.01 no "(17.9 6f,020 1 • 6 P, 29.3 5.01 2.04 0.44 0.37 ? • 1 7 1. 00 0.40 0.46 
43 
· 3 S 4.4P- 17" 0 O.f.9 2S.5 3/l6 1 .90 1 ? I. 47f..~ 590R'1 1. n 27 • 1\ 4.1:l7 2.11 0.40 0.41 2.15 1. 00 0.41 0.43 
1.4 • :~ 2 4.30 1(,7(1 i, • 69 25.~ :1° 0 1.1li< 11 R 4:57.1l 516 ... 7 1 .60 27.1 . 4.37 2.05 0.39 0.42 2.04 1. 00 0.43 0.31\ 
45 .2/l 4.57., 1('7(1 f) . 74 2 S. 9 :5'16 1 .9 S 116 4''''.~ 411346 1 • (0 26.8 4.67 2.28 0.34 0.48 2 • 11 1. 00 0.42 0.40 
4'" .24 4.61 1 ~ 50 o . 1'" 25.6 :594 ? • () 0 113 7.,7/l.3 42750 1. 7R l6.5 4.28 2.29 0.3;:> 0.5;> ;>.17 1. 00 0.40 0.40 47 .20 4.63 14'10 0.1l2 2. 5 • :~ 3() () ?O~ 1 11 ~42.3 37998 1 .71 26.6 3.l1 2.111 0.32 0.63 2.24 1. 00 0.39 0.43 
4~ • , 4 4.71. 13'10 11.89 24.9 :S~6 ;> • , 0 1 11 736.3 2f,t!23 , .50 2/l.0 2.51 2.()7 0.31 1.22 2.48 1. 00 0.35 0.38 
40 .61 6.64 3520 O.i3 34.4 501 ;>.27 ~52 ~31..2 84210 LP 47.9 2.4<'> 1 .52 1.14 0.48 2.82 1.00 0.31 0.39 
sn .59 .6.50 ~,,~o 0.55 3".2 4'ill 2.'2S '14~ ~:;7.,.1 8"'5111 , .14 46'.4 2.64 1. 55 1. 1 0 0.41\ 2.7'1 1. 00 0.31 0.26 
51 .57 6.6(\ ~"'70 0.54 34.3 502 2.<'5 730 ~87.4 92579 1.18 44.0 2.95 1. 58 1. 05 0.45 2.72 1. 00 0.32 0.30 
57 .55 6.S? 3230 O.S6 34.0 ~Ol1 2." no 42~.2 973~5 1. 3 r; .. 7.2 3.99 1.95 0.82 0.39 2.55 1. 00 0.34 0.40 
<;3 .51 6.3R 7.,07.,0 o.'>~ 3:~ . 5 495 2.20 ?P 5S<'-.R 11R051 1.40 .511.2 4.86 1.82 0.82 0.3R 2.52 1. 00 0.35 0.53 
54 .49 6.3f. 2'i('() () • S() 3~.~ (.°6 2.71'1 ;>1)7 5:;6.1 11~112 1 .47 3<'-.8 5.30 1.98 0.74 0.&0 2.49 1. 00 0.35 0.45 
55 .44 6.37 21110 0.1>2 33.4 I~O 8 
" • 1(, 194 ~41 .0 10l.953 1.57 33.2 5.71 2.20 0.62 0.32 2.37 1. on 0.37 0.4? 
51, .41 6.4;> 2'120 0."'4 31...0 ~ fl9 2.1 S 1(1) 521.9 991~S 1 .61 30.5 5.91 2.34 0.56 0.34 2.34 1.00 0.37 0.42 
57 .39 6.44 2 (, 7 (, 0.":' 34.1 ~12 2.14 187 '511'1.6 95473 1.66 2'1.6 6.011 2.46 0.52 0.36 2.33 1.00 0.38 0.33 
51\ .38 6.:>R 26"0 0;1l7 34.7 574 ? • 1 S 187 'iOS.1 <i1.4~2 1.60 20.0 6.33 2.59 0.50 0.'39 2.34 1. 00 0.37 1'1.31 
50 .34 6.(,1 2';1\0 (>.6'1 54.9 i79 2.1:1 1 IV 475.0 ll"'o?O 1. 73 27.8 6.31 2.73 0.46 0.41 2.32 1.00 0.38 0.37 
liO .31 5.80 <'200 (I. 71 31 . Y t. ~ (, 2.23 1t-X 4)3.(> 7"'112 1 • l Po 27.2. 6.16 2.79 0.41 0.42 2.40 1. 00 0.36 O •. 33 
1,1 
.28 6.67 ?5 7 (> 1}.71, ~ " -, ~, .'- 5~x 2. , n 170 41.5.1 722"'0 1 • 1$ 1 21\.9 6.'5 '2.95 0.311 0.4R 2.;>8 1. 00 0.38 0.36 
Table 5.4 Ethanol/Water. (Continued) 
. . 
1 2 3 4 5 6 . 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, Q* (a/D)L k' CALC. EXP. Run x v Re Sc Sh kG HG ReL SCL PeL ShL HL m HOG f v v v (J L NOG NOG 
-62. .75 6.S3 2230 (I. / I', ~~.V 5~1i t.07 162 )/l0.4 6~078 1. 79 26.5 5.56 2.90 0.37 0.5"2 2.<16 1. 00 0.39 0.33 
63 .21 6.61 211.0 O.P-1 3!>.5 51.1\ 2.01'. 1S8 ~'2.4 ~~6)\2 1 • 74 26.6 4.84 2.76 0.37 0.62 2.28 1. on 0.38 0.33 
64 • 1 fl 6.79 2100 (I • Il ~ 36.5 ~6'> 2.0S 160 7l)1.1. 46629 1.66. 27.1 3.96 2.70 0.36 0.1>4 2.36 1. 00 0.'i7 0.3') 
65 .15 6.70 1980 n.II') 3('0.'" 564 2.01' 157 241.2 3nl,S 1. 511 27 .9 3.16 2.56 0.36 1. 21 2.46 1. 00 0.:'16 0.3'; 
6f> .12 6.81 191. 0 o • '/ i! 57.!) 576 7. . (I ? '~9 ;>17.6 34599 1. 5<; 21\.7 2.84 2.52 0.36 1. 52 2.57 1. 00 0.34 0.33 
67 .1(1 6.1:14 1 Kf>CI O. SIr, 3 1.4 ~~3 <'.00 1 r, 1 1IJ8.2 30300 1.40 30.7. 2.42 ?43 0.35 2 • 1 ? 2.75 1. 00 0.32 0.31 
6~ .61 5.1:\7 3120 0.'>3 ,1. 1 452 2.21 222 333.2 7?,970 1 .1' 4/1.0 2.32 1.44 1.07 0.4/l 2.72 1.00 0.32 0.38 
69 .61 5.1.6 2'1 () 0 0.53 29.4 427 ? . 1 K 2(17 334.0 69132 1 .1 ? 4R.0 2.21 1. 37 1. 04 0.1.8 2.69 1. on 0.33 0.37 
70 .67. 4.29 2.~ 10 0.57 24. 1 3~O 2.00 165 320.1 521124 1 .10 49.0 1 • Of R 1.15 0.99 0.47 2.56 1. 00 0.34 0.38 
11 .67 3.71l 1.030 0.52 2.1 • I) 317 1.04 145 31R.6 4"1<15 1 • 11 49.4 1.67 , • OR 0.92 0.47 2.47 1. 00 0.35 0.4(1 
72 .62 3.2/\ < 770 11.52 1 (,J • 4 <.112 1. 91< 1 ?Ii 322.3 401>11 1 • 1 () 4R.9 1. 52 0.97 0.1l9 0.47 2.40 1. 00 0.37 0.3~ 
r .. .63 2 • .,4 < 49 i) 0.51 2. 1 • I 'S 1 S 1.1.1' 1 (\6 31'.7 ·33251) 1. 0<1 49.5 1 .30 0.86 0.1l5 0.47 1.88 1. 00 0.47 0.50 
74 • t,3 1. n 934 I).S1 111.0 rS? 1 . 2. f- 67 310.0 207f,9 LOll 50.0 0.96 0.64 0.72 0.47 1.60 1.. 00 0.55 0.67 
75 .63 1 .21\ 692 0.'>2 13 • .( 191 1 .14 49 312.9 15521 1.00 49.8 0.1l1 0.53 0.64 0.47 1.44 1. 00 0.61 0.5/l 
76 .39 7.Sii 3142 O.6~ '1:.,. 51',4 ?2? ;>?1 512.2 1 n1115 1. (,IS 29.7 6.76 2.73 0.56 0.35 2.41 1.00 0.36 0.23 
17 .38 5.37 21RO 0.6f. ?Y.5 1.44 2.6(, 10 7 505.7 99625 1. 6(1 2<1.2 6.42 2.63 0.57 0.37 2.85 1. 00 0.31 0.211 
·711 .37 6.51' 2(,00 II .67 34.5 '>71 ~ . 1 4 11;~ 5UO.3 91546 1 .71 28.1\ 6.35 2.62 0.48 0.40 2.33 1.00 0.38 0.27 
19 .3<; 6.50 2 ~S(I I). foil 34.4 ~?1 2.1' 1 11 () 48<:.3 1\6'1P.9 1.77 2/l.0 6.22 2.65 0.47 0.40 2.32 1.00 0.38 0.31 
81) 
.3' 5 . '" 1 :>14(1 (I. 7n 3u.1> LA; c.06 1 S7 461 • (1 70191 1.77 27.5 5.71\ 2.57 0.40 0.42 2.23 1. 00 0.39 0.40 
R1 .39 5 . 1 /, ;>11.0 (I • '" 5 26.4 4")7 2.U6 150 512.5 76P,75 1.65 29.7 5.21\ 2.13 0.49 0.36 2.23 1. 00 0.39 0.32 
82 .42 4.5f> 194(\ 0.64 25.( :S >\ ') 2.0? Df> 5_><,.6 72439 1 .62 31.6 4.85 1 .89 0.50 0.32 2.18 1. 00 0.40 0.43 
!l :~ .41 .LoO 1(>';0 0.1'>4 2.4.'1 ~74 1 • 7'l 116 521 .2 (1)4f>1 1 .68 30.2 4.6/1 1. /16 0.43 0.34 1.93 1. 00 0.45 0.4R 
,,4 
.39 3.51 1 1.44 O./'6 2, . (I 3t.6 1 . i'? 1 () 1 513.2 518:>;4 1. 65 29.3 4 . 1 5 1 .67 0.42 0.36 1.87 1. 00 0.47 0.45 
85 .3K 2.9/' 1222 O."S 2\) • 1 .310 1 • (-,:~ 85 500.3 421;21 1.64 211.4 3.65 1 .51 0.39 0.3A 1.78 1. 00 0.49 0.47 
il6 .40 2.53 1020 0.67 111.5 279 1. 5 '> 7? 532.3 3/1323 1 . ? 5 37..1 3.79 1.48 0.34 0.35 1. 66 1. on 0.53 0.48 
87 .32 2.01 l61 0 .• 71 1 '> • " 2~<'> 1.1.'; 5 ~ 4S6.1 245113 1. 7P. 27.4 3.07 1.36 0.27 0.47 1 .56 1. 00 0.56 0.62 
88 .n 6.?R 1<)50 0.91 '6.1' S 71 ;>.n;> 15" 220.3 .~5026 1. 55 211.4 2.89 2.54 0.36 1. 47 2.53 1. 00 0.35 0.31 
il9 .1 7 6. :~9 1\11.0 [1.116 '4.1'1 54C) ;>.(11 1 4<1 212.8 4fJI'>~1 1.63 <!7 • ~ 3.49 2.53 0.36 O.'1R 2.36 1. 00 0.37 0.33 
00 
· 1 5 5.4f> 1f>1(1 0.P-9 )1.5 1.71. 7.70 128 241 .0 301\43 1.58 27.9 2.77 2.25 0.33 1 .16 2.59 1.00 0.34 0.38 
91 • 1 f> 4.47 13~0 O.K? ;4.? 31~ 2.04 105 20,.7 ?7" R6 1. 63 27.5 2 • .,4 2.05 0.31 0.99 2.34 1.00 0.37 0.39 
02 .17 3.70 111.0 O.i'5 ;1 . ., 3" 1.1'.9 97 217.9 20050 1. 50 27.2 1. 91 1 .70 0.31 0.1<6 2.15 1.00 0.41 0.44 
9, 
.17 3.05 n? (I. ;., 7 11>.9 ?O 2 1 • ., H 71 2f2.1l 19 .,0 ~ 1 .68 27.> 2.3~ 1.70 0.25 0."'2 2.!l1 1. 00 0.44 0.44 
Table 5.4 ·(Continued) n-Propanol/Water (Kurukchi Data - Ref. 12) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Sc Sh k * k~ CALe • EXP. Run x v Re HG ReL SCL PeL g (a/D)L ShL HL m HOG f v v v G NOG NOG 
1 .31 4.0S , Y 2(1 O."S 21">.2- 343 2.07 123 p1l7.2 10q12~ 1 .49 120.3 4.5~ 1 .06 0.82 0.13 2.12 1. 00 0.41 0.44 
2 .32 2.11 1020 !l.!>4 11\.5 nil 1 • ~ 1 65 1'.(7.2 ~710_~ 1.47 120.0 2. 9~ 0.70 0.66 o • 1 5 1 .61 1.00 0.54 0.45 
3 .31 1 • 44 693 (; . 6 S 11. • 2 11i~ 1 .32 4 I, 1'90.4 :)9446 , .1.9 120.7 2.40 0.56 0.56 0.13 1. 40 1. 00 0.63 0.49 
4 .31 2.~2 
, 
1190 () • 6(, 20.S 21,/> 1. 62 7(, 90(,.4 692 <; 0 1 .39 120.~ 1..96 0.68 0.79 0.11 1 .71 1. 00 0.51 0.60 
5 .30 3.12 1 4 ~ () 0.(,7 23.3 Silt. 1 . /' S 93 0()9.il 84ilR S 1 .4R 121 .2 3.79 0.il7 0.75 0.11 1. il3 1. 00 0.48 0.44 
(, 
.29 3.41 ., 57(, 0.1>7 24.S 321 1. 82 11,2 OH .3 9~21,2 
" 50 121. 2 4.1 5 0.94 0.76 0.17. 1 .9 t 1. 00 0.46 0.41 7 .29 4.12 ',890 0."8 26.7 3S0 2.01 la 021l.0 117,""5 1 • 52 121 .2 4.80 1.09 0.79 0.12 2.10 1. 00 0.42 0.36 
R .29 4.5f, 2090 (,.,,8 29. I) 3ilO 2.04 135 037.7 12.5916 1. 55 121 .3 5.32 1. 1 8 0.80 0.12 2.14 1. 00 0.41 0.38 
Q 
./9 5.07 2320 0.6/\ 31.1 414 2.0'1 150 031 •. '\ 139774 1 .55 121 .3 5.61\ 1.27 0.83 0.1" 2.19 1.00 0.40 0.36 
10 .29 5.6f, 2590 0.61\ '''.6 4<;3 ,> .13 167 <,J19.~ 1 ~~<;'i1 1.52 121 • "3 5.84 1 .32 0.89 0.12 2.24 
" 00 0.39 0.36 11 .29 6.17 2h20 t·. /'of, 37.1 4ilS 2 .. H 1il3 '13<:.4 170111/l 1 .6 t. 12' .3 7.2~ 1 .61 0.79 0.12 2.27 1. 00 0.38 0.39 
1 2 .Zf! 6.62 !.O20 0.6~ 39.3 S14 2.20 1<,16 93:>;.4 11\2'1<;3 1. 64 121. 3 7.54 1.68 0.1l2 0.12 2.30 1.00 0.38 0.36 
1 .~ 
.2f! 7.Z0 ::2~0 0.68 I."l • ·1 S~1 2.23 213 031.(, 1 <J84;:>O 1 • 64 121 .5 7.93 1.77 0.84 0.12 2.34 
" 00 0.38 0.33 
, I. 
.<''1 0.'19 457 0.(,7 11 . \I 144 1 . , 1\ ~Q '13 t. • 1 27649 1 .64 12' • "3 2.37 0.51 O.t.O 0.12 1.22 
" 00 0.71 0.60 1 5 .30 1 . ., 1 692 O.6~ 14.4 1119 , . :~6 4/, R87.2 395(,7 '1 .48 120.7. 2.3R 0.56 0.56 O. , 0 1.42 1. 00 0.61 0.48 
,,, 
.30 0.74 :'> I.!l (1.66 Cl • 2 119 , • (15 22 927.1 20k<;8 1 .67 , 21 .4 2.00 0.45 0.35 0.1' 1.09 1 • 0 () O.RO 0.59 
Table 5.4 (Continued) n-Propano1/Water (UMIST Data - Ref. 56) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, (J. , GALC. EXP. Run x v ne Sc Sh kG HG ReL SCL PeL (a/D)L ShL kL HL m HOG f v v v (J NOG NOG 
1 .30 7.03 ,'>40 0.67 I. 1 . l) ,<;7 2. 17 221 911 .6 201t.'i4 1.48 , 21 .0 6.51 1.49 1. 00 0.12 2.28 1. 00 0.43 0.43 
2 .33 6.67 :;370 0.63 39 .. >l 527 2. 17 221 R 11 •• 7 lIH\ (I <; 7 1. 38 107.0 5.44 , .39 1.08 0.17 2.36 1. 00 0.42 0.40 
:'I .31, 6.41 3l,IlO 0.(,0 3K.3 '>Of, 2.17 2~1 719.1'1 150081 1. 22 101l.~ 3.96 , • , 5 1. 31 0.24 7.48 1.00 0.40 0.42 
4 .38 6.27 3410 i) • 59 37.5 495 2.17 nl AlII. • 1 151178 1 • 1 ~ 90.0 3.47 1.06 1.42 0.2.0 2.45 1. 00 0.40 0.41 
5 .31l 6.2<; 3t. 20 O.'ill 37.4 49.3 ? .1 7 U2 "76.6 15 1121 5 1 .13 87.5 3.36 1. 04 1. 46 0.20 2.46 1.00 0.40 0.36 
" 
.39 6. 1 ~ 3420 0.58 36.11 1,1\ S ? • 1 i< ZU ('~2.4 1441\42 1. 09 80.5 3.10 0.99 1 .52 0.20 2.48 1. 00 0.40 0.37 
7 .41 6.01 3430 0.5(- 36.il 1.74 ,> .H 222 623.1l 13$\~91 1. 114 72.0 2.79 0.94 1. 62 O.ZO 2.50 1.00 0.39 0.41 
I'. .19 5.6 7 21~() 0.112 36.3 41\1\ 1 .99 15(, 649.2 1012R1 1. 82 107.5 6.44. 2.01 0.48 0.16 2.07 1. 01) 0.1.8 0.44 
Q 
.76 4.99 2190 O. ?2 32.1 1.29 1 ." 9 149 000.4 '.34159 1 • 64 , 21 • n 6.22 1 • "2 0.69 0.14 2.09 1. 00 0.47 0.'>0 
1 n .30 4.64 221(1 0.,,7 3(l.\) WK ;>.(!(I 146 9(17 •. , 1324(-~ 1 .48 121 .0 5.0'" , .16 0.85 0.10 2.09 1. 00 0.47 0.54 
11 .34 4.30 2240 !l.6:~ 2K.3 375 ? . 0 1 1 4 7 7YIi.O 117()10 1 .31,. 116.0 3.87 , .02 0.9R 0.17 2 • 1 8 1. 01) 0.45 0.50 
1 2 .3(, 4.2(, 2~60 u.f,(J 21 • ., .s f" 2.01 1t.7 720.n 10Sk34 1.23 103.5 3.13 1)~91 1. 1 0 0.2.4 2.n 1. 01) 0.43 0.4~ 
n .38 4. 1 ~ 22!lO O.Sf< 211.(\ :~ ~ 4 7.01 11.R 1,/8.7 1(1)441 1 .12 8".0 2.57 0.79 1.27 0.20 2.n 1. 00 0.43 0.44 
Table 5.4 n-Propanol/Water (UMIST) Continued 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, g , CALC. EXP. Run x v Re Se Sh kG HG ReL SeL PeL (a/D)L ShL kL HL m HOG f NOG NOG v v v 
1 I, 
.3R 4.1 4 22 >\(1 t, • ~ k 2".1l 355 2.0 1 1/..1. ~ 1\61\.1) 9R5(,1l 1 • 11 tlS.O 2.53 0.79 1.27 0.20 2.27 1. 00 0.43 0.44 
, S 
.41 4.01 2190 O.~I\ 2h.O 342 2.01 141' 1\20.3 91709 1 .04 72.0 2.16 0.73 1. 39 0.2.0 2.29 1. 00 0.43 0.46 
1 " .1 7 4.05 1 49 (l \I.IIS '2').() 545 2.01 11 n 547.1 60171 1.79 95.0 4.60 1.68 0.39 O. , 'i ".07 1. 00 0.48 0.49 17 .29 3.23 1520 O.nK 2 i, • 1 gO 1 . ?' 101 913.1 92223 1 .50 121 .2 4 • 1 .. 0.94 0.72 0.1<' 1. ~2 1.00 0.54 0.56 
1 !l .34 3.04 1550 il . (, ':t 23.1< 314 1.65 101 7'11'..11 ~06R3 1. 37 117.0 3.1 R 0.83 0./l3 0.17 1 .79 1. 00 0.55 0.58 
1 0 .37 2.93 1 ~ 11 0 0.60 2:S.~ CSl1 1. 61 10' 711\.2 7?3~7 1. 1 P, 102.5 2.28 0.66 1. 03 0.23 1 • ~ ~ 1.00 0.53 0.54 
;>0 
.39 2.1<5 1570 ,.,. ~R 23.4 308 1 . S 1\ 102 1\6"./l 67(07 1 • 1 1 83.5 1 • 9 R 0.62 1.11 0.20 1. 8~ 1.00 0.54 0.45 
;;>1 .41 2.71, 1-:.RO O.SI) 2:s • 2 30~ 1 • ') 5 102 111S.R 621115 1. O~ 71.3 1. 67 0.57 1.23 0.20 1 .79 1. 00 0.55 0.52 
n .42 2.74 ·1 ~ RO 0.51\ 23. 1 304 1 . 5 [, 102. 1\01\.9 61808 1. O:? 69.0 1 .63 0.56 1.24 0.2~ 1. 88 1. on 0.52 0.49 
2' . 37 O.2R 1> 1 \l.60 ~.1 1\8 0.71 9 1\9 R. 9 61:\49 1. 27 9H.5 0.56 0.17 0.40 0.22 0.80 1. 00 1.;> 3 1.10 
2/. .37 0.47 2~O 0.60 (.2 Ci4 O.~<; 16 711\.0 11,01l 1.1 R 100.0 O. B 0.21 0.52 0.24 0.97 1. 00 1. 01 0.98 
~<; . v, 0.77 408 0.60 9.'1 1 :'1 (I 1. 01 If, 7.5n.0 1936' 1.22 1 0 1 •• 5 1. 06 0.30 0.60 0.24 1 .1 5 1. 00 0.85 0.91 
26 .31\ 1. 3~ 696 0.111 1 4 • () 1R5 1 • Z ~ 4~ 749.3 3~91.4 1. 26 108.0 1.60 0.45 0.69 0.22 1 .39 1. 00 0.71 0.67 
I 
~7 .3'; 2.Zp. 1180 0.62 1".K 21\2 1. 50 77 777.9 59~p.8 1. 31 113.0 2.45 0.66 0.79 0.20 1 .6S 1. 00 0.60 0.53 
2A .3'; ·3. 2 ~ 1670 0.1\2 24.1l 379 1 .69 109 717.1 1l4r01 1 .31 113.5 3.05 0.82 0.91 0.19 1 .87 1. 00 0.53 0.53 
N .34 :L SI'. 11:30 0.62 24. I) :'11 x 1 • '12 119 793. R 94462 1 .32 115.0 3.27 0.86 0.94 0.1 R 2.09 1. 00 0.47 0.50 
I ,,) 
.34 4.66 1370 IJ • <'>3 2" .l 394 2.02 154 79 S • 'i 122503 1. 37 116.5 4.13 1. 08 0.97 0.17 2.18 1.00 0.45 0.45 I 
.S 1 .35 5.61 lli<lO f'.62 34.S 4~r 2.10 1 H8 7/6.p. 14110~3 1. 31 113.5 4.24 1.14 1.12 0.19 2.32 1.00 0.42 0.42 i I 37 .39 0.34 Pl 0.58 ~.9 71 O.lS 12 "63.7 1\ 1)'1 0 1. 09 81.5 0.51 0.16 0.52 0.20 0.85 1. 00 1 .1 5 1. 09 
n .39 0.35 192 0.5/\ 6.0 7/l 0.7f, 12 65l •• 7 ·1'.178 1.09 80.5 0.51 0.16 0.52 0.20 0.1l6 1. 00 1 .14 1. 05 
") I~ 
.3R 0.50 277 0.5A 1.1) lOll n.lil\ 17 f,n.7 1 <'041 1 .12 811.5 (J.68 0.21 0.58 0.20 0.98 1. on 1. 01 0.84 
,c; 
.38 O.il2 4/,4 0.';9 10.3 1 ,I, 1 • (1 ~ 21'. 61l7.1 19(5\1l 1 • 1 C; 91 .0 0.97 0.30 0.66 0.70 1 .16 1. on 0.85 0.76 
:If, 
.37 ().9~ SlO lI. nO 11 .3 149 1 • OR .5' 701'..2 2~371 1 .16 95.5 1. 09 0.32 0.70 0.22 1 • ? 4 1. 00 0.1'.0 0.73 
F .38 1 .99 10~0 n.S9 1 K . 4 2 t.:~ 1 .41 70 1\1;2.0 4787"/ 1 • 1 (, 90.0 1.67 0.51 0.94 0.20 1 .60 1.00 0.62 0.53 
I 3R .34 7.18 3671) 0.1\2 42.1 5~9 7. • 21 24(1 794. (, 190698 1.32 115.5 5.08 1.33 1.23 0.18 2.43 1.00 0.40 0.38 , 
.~o .33 >\.il2 I. 4 ~O 0.1\5 {;9 • H 6f, I. 2.29 29 (I p,~1\.0 240119 1 .41 117.5 6.66 1.68 1 .18 0.16 2.48 1. 00 0.40 0.3/\ • 
40 .36 13 .17 4.3[.0 ('.1)1) "6.(, 01'" 2.2Q 7K3 721.2 204(11l/l 1 .21 'O~.5 4.5': 1. 31 1. 47 0.23 2.63 1. 00 0.37 0.40 
41 .37 8.74 "I\QO I) .1>0 49 . 1 649 2.51 304 707.1'. 215176 1 .17 97.5 4.47 1.32 1. 57 0.23 2.67 1. 00 0.37 0.37 
47. .37 11.72 4640 V.I>O 49.1 ;,49 2.31 302 715.7 2161'6 1. 27 102.5 S.20 1 .52 1.36 0.24 2.63 1. 00 0.37 0.40 
I I, ~ .04 ,. <HI 2130 1. 1 I. 1.9 • l I>R5 1 • <; ') 2.49 101..2 25936 1 • S <; 38.1l 2.29 3.74 0.25 6.08 3.51 1 .00 0.28 0.29 I 1,4 .06 1 • 1 '" 2080 1 • (17 " ., . ) o? 1 1 .97 ~llR 155.1 52270 1. 80 47.0 3.44 3.99 0.23 1.59 2.~4 1. 00 0.42 0.28 
I 4 S .04 , • 3 R 1460 1 .13 27. '" 3R1 ?43 167 1 09.5 1 R290 1 • (1) 39. ') 1 .96 3.0r 0.<11 4.55 3.38 1. 00 0.29 0.37 
41, .09 4. S 1 1/.0(1 1 • 11 (I 2 (. . 0 3~3 2.10 1 25 ?2~.9 21'2~1 1 .90 50.5 3.42 2.83 0.22 0.58 ".32 1. 00 O. L2 0.44 
Table 5.4 . (Continued) Isopropano1/Water 
3 
Re Sc Sh kG HG ReL SCL PeL S2~ (a/D)L Sh k' H m H f CALC. EXP. v v v C5 L L L OG NOG NOG 
1 2 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ?1 
Run x v 
1 .38 2.81 1S20 O.S~ 22.il c.0l 1.61 116 A2f..7 542121.7": 50.0 4.27 1.4!i 0.46 0.14 LIS!! 1.00 0.52 0.40 
'.30 2.22 '200 O.SR 19.6 2~5 1.49 6" 612.7 42093 1.71 5R.S 3.66 1.29 0.42 0.17 1.56 1.0n 0.56 0.50 
~ .40 1.7A 978 O.~f 16.9 2
'
9 1.35 55 601.5 35265 1.7~ 57.0 3.2~ 1.16 0.38 0.16 1.41 1.00 0.62 0.44 
".3R 1.87 1010 O.S" 17.5 228 1.40 ~7 627.1 3500 6 1.7f. 60.0 3.40 1.17 0.39 0.13 1.45 1.00 0.60 0.56 
~ .3A 1.37 7f~ (J.~7 ".4 187 1.2~ 42 656.7 27059 1.1f, 60.1 2.84 0.07 0.35 0.14 1.'0 1.00 0.67 0.6f. 
~ .3R 1.10 A3k O.~M '~.fJ 169 1.20 36 654.1 2~DR5 1.7~ 60.1 2.55 0.87 D.3~ D.l? 1.74 1.00 0.71 0.86 
7 .37 1.02 539 fJ.~9 11.1 152 1.14 30 641.0 19742 1.1:\1 62.0 2.47 0.1l3 0.29 0.13 1.18 1.00 0.74 0.9? 
R .33 2.30 113r O.6~ 19.4 254 1.55 65 679.4 44430 1.96 70.0 4.68 1.49 0.35 0.08 1.57 1.00 0.56 0.50 
o.B 1.f<~ 912 o.(,·~ '6.'1 221 1.43 ~2 6/:11.6 35911:\ 1.96 70.1 4.10 1.30 0.32 0.00 1.46 1.00 0.60 0.53 
10 .32 1.37 670 0.6~ 13.1:\ 1811.20 V, 61:\3.
' 
2~SI)S 2.01 7'" 3.~5 1.12 0.27 0.07 1.311.00 0.67 0.67 
11 .31 1.7f. 604 0.6~ 13.U 171. 1.26 3~ 683.2 23981 2.01 7'.3 3.42 1.08 0.25 0.06 1.?8 1.0n 0.~8 0.6? 
l' .30 3.17 14~0 0.67 25.~ 3P" 1.75 K~ 6HO:~ 5~O~~ 2.10 7~.3 6.2R '.99 0.33 O.O~ 1.77 1.00 0.49 0.30 
.... 1 1~ .29 Z.7~ 121,0 0.67 21.5 28.0 1.67 n 61l0.~ 5n2282.1' n.s 5.1\1> 1.86 0.31 0.04 1.69 1.00 O.«;? 0.45 
~ ,4 .20 2.2~ 107P O.f'l~ 18.'1 249 '.5£ 62 679.~ 423202.1l, n.!! 5.3R 1.70 0.211 0.04 1.55 1.01) 0.57 0.50 
,~ .2~a.3f. 1020 V.11 18.'1 249 1.61 60 661.' 400'3 2.,6 7A.2 5.27 1.71 0.27 0.06 1.~2 '.00 0.54 0.54 
,~ .20 1.88 MSO O.~R 16.~ 21K 1.67 40 6/9.3 ~~806 2.11 73.8 4.54 '.44 0.27 0.04 1.48 1.00 n.59 0.59 
17 .2A 1;96 R4~ 0.7' .16.1 221 1 .• 50 49 656.5 32628 2.1~ 74.3 4.60 1.50 0.25 0.06 1.~2 1.00 0.~8 0.64 
11\ .25 1.P 705 o.7~ 14.0 198 1.41. 42 643.4 27'492.1f. 71 •• 1 4.'5 1.38 0.;>3 0.0f. 1.45 1.00 0.60 0.65 
'0 .l9 '.40 64' 0.67 '~.1 180 1.52 37 614.4 253~7 2.1R ~74.0 4.04 1.29 0.23 0.04 1.33 1.00 0.~6 0.6~ 
20 .25 1.45 610 .O.l~ 13.6 180 1.37 36 638.5 2~37() 2.10 74.0 3.86 '.29 0.2~ 0.06 1.38 1.00 0.63 0.67 
21 .30 1.07 493 0.6/ 11.5 152 1.20 all 680.~ 1960' 2.17 71.? 3.2f. 1.03 0.22 O.O~ 1.2' 1.00 0.72 0.73 
22 .30 1.10 S13 0.66 11.8 155 1.21 30 680.6 204182.1? 73.4 3.34 1.06 0.22 0.06 1.73 '.00 0.71 0.74 
2~ .2~ O.O~ 4&0 0.67 10.7 141 1.16 25 674.4 17500 2.18 74.0 3.,0 1.n2 0.20 0.04 1.17 1.00 n.75 0.70 
?4 .29 1.01 4(,5 0.67 11,11 46 1.17 2.7 680.1, lI1S122.17 n.r:. 3.14 0.09 0.21 0.04 1.18 1.00 0.74 0.76. 
I
I 2~ .22 5.10 20~O 0.77 32.6 434 2.\15 126 593.7 74804 2.20 72.5 8.0f. 2.88 0.33 0.07 2.07 1.00 0.42 0.38 
?A .23 4.52 '810 O.l~ 29.0 3117 1.98 100 637.2 6045~ 2.17 74.0 7.48 2.51 0.33 0.05 Z.nO 1.00 0.44 0.36 
27 .24 4.'2 1700 0.74 26.9 ~57 1.98 10~ 637.2. 656~2 2.17 74.0 7.22 2.42 0.32 O.O~ ?OO 1.00 0.44 0.41 
2.8 .2513.70 1,~0 o.n 2~.1 331' 1.90 9~ 64~.0 60:no 2.16 71 •• 2 6.83 2.26 0.31 0.0(, 1.02 1.00 0.46 0.44 
20 .23 1.38 5~7 U.7~ 13.1 174 1.36 34 607.2 208117 2.1~ 73.0 3.411 1.22 0.2' 0.04 1.37 1.00 0.64 0.69 
30 .241,.3' 51,0 0.74 12.7 '68 1.37; 32 630.4 20614 2.14 73.0 3.4~ 1.16 0.21 0.06 1.34 1.0/) 0.65 o.n 
I ~1 .23
1 
'.32 5~4 0.7~ 12..6 161) 1.3t. 32 442.' 14414 2.21 72.6 2.93 1.n 0.14 0.06 1.35 1.0n 0.650.74 
i V.'6 2.1S /1.6 0.il7 1b.5 221 1."(' 49 360 .2 '11.387 2.20 61..0 3.70 1.06 0.15 0.28 1.70 1.00 0.510.40 
~~ 1r:.: 1.H1 (,?il 0.117 1/ •• 7 1'.'7 '.5'" I,D 31l4.6 1~409 2.25 65.0 3.20 1.A4 0.'5 0.27 1.60 1.00 0.55 0.57 
ii ~4 :" ,'5.67 1750 (1.97 3~.2 489 1.99 133 307.6 40909 2.011 47;8 5.25 3.56 0.26 1.09 2.28 1.00 0.38 0.33 ,--~,-~--,-,.,-,1,-,?,-. -,-""5,-,.,,,,2=-8-1...1.-::6....:7_0'-1...,;(:"':' .,-,9_~-,-,2=-tl:...:.:...:6-LC.:S_II-,7-,-,2,-,.,-,3:..:2.:.L...':...:2.::.:2O..L.:3:..:2=-1:...:.:..:I\-...J,-,3,-,9-,2=--5=--"---L.:2=-.=--':...:2.::..J-....:5=-1=--.=-0_L5=-:..:. 2=-5-,-,:'-=-.. =-' ~-,-6:c.J...O.:...:... 2=-5::,,-",-0:.:..:.,. 7.:...4-LZ=-:", c5_ 0,--,--,--1 ~._o 0_ ~~ 3 5~ _0_. 3 ~ 
Table 5 4 . Isopropanol/Water (Continued) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Run Re Sc Sh k' HG ReL SCL PeL g* (a/D)L ShL , CALC • EXP. x v kL HL, m HOG f NOG NOG v v v G 
3A .1 3 4.63 1 510 0.92 26.6 55~ 2.21 101\ ~ ,SO. ~ 3~67> 2.18 5~.5 5.17 3.15 0.22 0.55 2.33 1.00 0.38 0.37 
37 .16 1 . H 6 (,~9 (, • H il 1 4. <) 201 1. 51\ 4,~ <;H9.0 161\84 2.27 61 • '; 3.47 1. 82 0.16 0.27 1.62 1.00 0.54 0.59 
~R .1 S 1 .65 5"'3 (1.119 13. M 11\5 1 . ~:- 31< 39f-.H 1';2~5 2.l" 6;>.0 3.20 1 • 6 5 0.16 0.37 1 • 59 1.00 0.55 0.63 
s9 .14 1 .6Il 5~1\ 0.\10 13.4 1 X1 1. 51 37 <;(17.3 1~n5 2.2" 59.5 2.99 1 .65 0.15 o .4~ 1. 57 1. 00 0.56 0.64 
40 .14 1 .52 SOl'> O.y() 13." 174 1./,H Vi '134.A , 1944 2.21 56.0 2.69 1 .62 0.14 0.50 1.55 1. 00 0.56 0.65 
41 .09 7.72 '?2"'O 1.02. 46.1 6~4 2.01\ 187 ?()"i;S 311063 2.02 43.0 4.80 4.49 0.23 1.73 2.47 1. 00 0.35 0.31 
42 .09 7.28 21Rr) 1.0!) 1.4 • ~ I, 0 1 2.0'" 173 2n.2 3H434 2.07 44.4 5.05 4.39 0.22 1.'50 2.35 1. 00 0.37 0.32 
103 .09 4.79 14/1) 1 ." 1 26.3 55/) 2 • 311 114 219.0 249110 2.01'> 44.3 3.80 3.35 0.19 1. 2 i\ 2.54 1. 00 0.35 0.31'> 
44 .09 4.33 1270 1 • () 2. 24.S 533 2.22 10t. ?O".A 21411,3 2.02 43.2. 3.35 3.10 0.18 1.311 2.47 1 .0 f) 0.35 0.3i\ 
Table 5.4 (Continued) Isopropanol~Vater (Kurukchi Data - Ref. 12) 
-C> 
W 
i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 I Run Sc , S:L* k' CALC. EXP. x 'v Re Sh kG HG ReL SCL PeL (a/D)L ShL HL m HOG f v v v (J" L NOG NOG 
i 1 
.33 6.59 ,2>'0 o . I, .~ 31,.5 50; 2.<'3 1il7 "'6.7 126SH 1 .96 6R.8 8.89 2.84 0.52 0.10 2.28 1. 00 0.38 0.35 
I 2 .31 S.70 7100 O.6~ ,~L. 3 452 2.1 5 1)7 MP;.3 107276 2.02 7'1 .4 8.61 2.72 0.45 0.06 2.17 1.00 0.40 0.40 
3 .31 4.(12 1 R() 0 0.1'>1- 2.3.9 3t.1 2.01 1 1 0 /\/l4.1 752~' 2.0:: 71 • El 6.99 2.20 0.39 ,0.06 2.03 1.00 0.43 0.41 
4 .29 3.05 1t. 1)f) 0./\7 22..8 3(lO 1. 73 01 619.9 5~619 2.14 n. " 6.38 2.02 0.31 0.04 1.74 1. 00 0.50 0.47 
'; .2() 1 . (,6 1"1 11.(,'7 15.<; ;>02 1 . I. P lot. 11"/1\." ~02"1 2.13 7'.El 4.3;> 1.37 0.25 0.04 1.1'..1 1. 00 0.62 0.54 
f, 
.31 0.4H ?)~ O.Ilt. 7.1.1 9? o .91) 1 ) Hl1 • 9 9274 2.15 13.3 2.10 0.67 0.16 O.OS 0.91 1. 00 0.97 0.80 
7 .32 6.70 3200 0.,>" 39.1 51 I. 2. ;>2 1116 679.9 12"'45'1 1 .95 70.0 8.92 2.83 0.52 0.06 2.26 1. 00 0.39 0.36 
R . 31 5.(,~ 26~() !l.6f. ,4.1 t.4'i 2 • 1 t. 1~4 f.!)t..6 10~430 1.99 71 .5 8.~4 2.60 0.46 0.01'> 2.16 1. 00 0.40 0.40 
Cl 
.30 4.04 11190 ().'>" 26.1 :~/d l.O1 110 (1)3.5 151 R4 2.03 72.S 6.9 El 2.20 0.39 0.06 2.03 1. 00 0.43 0.44 
I 
1 f) .29 l.l</\ 1 VI) o J, 7 21 . <) 2i<1l 1 • (,0 /7 (,/)1.0 5;>436 2.12 73.5 6.02 1 .91 0.31 0.05 1.71 1.00 0.51
1
0.45 
11 .2i\ 1 . 511 700 1l.6P. 1/ • • 0 193 1.::i< t.1 "'67."i 275~9 2.1 H 7',.0 4.25 1.37 0.23 0.06 1.40 1 .00 0.63 0.49 
1 2. .27 0.67 51W 0.67 /j.' 112 1 . (1? 1ii "'4H.7 1.181l6 2.16 74.2 2.46 0.81 0.17 0.07 1. 04 1. 00 0.85 0.94 
i 13 .31 6. 9 ~ )?ClO i).I'>~ IdJ • 3 'j 31 ;> • t /, 197 f,~4.. 6 1:~11.4~ 1 .99 71 .5 9.46 2.98 0.50 0.01'> 2.27 1. 00 0.38 0.39 
i 1 t, • 30 6.19 ?h~() U.6l ~h.1l 4 lit> <'.11i 11\7 1\1\2.2 113923 2.19 73.0 10.44 3.30 0.40 0.06 2.20 1. 00 0.40 0.41 
I 15 .29 5.27 ?370 O.I\,q ,12.4 t.?S 2.09 130 f.77.2 9[,13,5 2.13 73.7 8.79 2.79 0.39 0.05 2.11 1. on 0.41 0.33 ! 1 (, • LP, 4. n ?OO() 0.6 0 2<;.0 ,394 2.01. 123 "'DO .1 1l231l1 2.1'" 74.0 8.27 2.66 0.36 0.01'> 2.06 1. on 0.42 0.35 
I 1 7 .2!' 3.99 1 no \1 . 71 ?A.() S4, 1 . 9~, 103 (,56.9 676(,4 2.16 7t..2 1.32 2.39 0.33 0.06 2.00 1. 00 0.44 0.3? 
I 1 13 .26 3.61 1~~0 0.l1 >.t, • 11 32 0 1 . b 1\ 92 6~3.~ 60318 2.15 7t..2 6.75 2.21 0.32 0.0/\ 1.90 1. 00 0.46 0.40 I 
I 19 .24 5.1(, 1.5"0 (J.ll, 22.4 ~o/j 1 .81 '/1\ ('2".~ 49115 2.17 73.7 6.03 2.05 0.29 0.05 1 .112 1. 00 0.48 0.311 i ;) I) .~o 1 .79 x 1,1) O.I\~ 1 '" . :> ,>14 1 • l~ ~ 49 i\I\1.~ j36~4 2.15 73.5 4.11 1 .49 0.26 0.07 1.45 1. 00 0.61 0.411 
Table 5.4 Isopropanol/Water (Kurukehi) Continued 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, cl (CX/D)L k' CALe. EXP. Run x v Re Se Sh kG HG ReL SeL PeL ShL HL m HOG f NOG NOG v v v 0 L 
21 • .~ (l 2.41 1 1 2.0 1I.!>t-. 19.6 2~1l 1 . 5 I' (,~ /i1l1 .3 4b54Y 2.14 73.3 5.54 1 .7'> 0.29 0.06 1. (,0 1. 00 0.55 0.48 
2? .2R 2.'19 1 3 ~ (I 0).6<.) 22.2 (93 1 .75 7A 1\69.0 S?7Sl3 2.17 74.0 6.33 2.03 0.30 0.06 1.77 1. 01) 0.49 0.40 
2'1 .27 3.30 1490 1I.6i1 V.S 31 ~ 1 . 79 AI' (,6".fI 5Rl7Z 2.16 74.1 6.70 2.16 0.31 0.06 1 • 8 ~ 1.00 0.48 0.39 
)4 
.21\ 4.1 Q 1",Oi) O.6!l 26.9 3~'" 2.02 11 ? 619.1 76(l~4 2.n 7~.8 7.69 2.44 0.36 0.05 2.03 1. 00 0."3 0.29 
2'; .2Q 5.02 221\(1 O.oH 31 . t 411 2.09 1 ~~ {, 6!:s0.4 9116", 2.11 n.6 8.43 7..61 0.39 0.04 2.10 1.00 0.42 0.34 
26 .2i1 ~.50 24 0 (1 (i.oil 33.5 1:,1':; ;> • 1 2 14"1 67?.4 9RI\49 2. , {, 74.0 9.21\ 2.97 0.38 0.06 2.14 1.00 0.41 0.37 
U .27 6.45 2\11 (\ 0.6i1 38.2 .,05 ;;> .1 iI 17? (,64.8 114355 2 • 1 {, N •• 1 10.16 3.28 0.40 0.06 2.20 1. 01) 0.40 0.39 
21< .35 I. K1 3~qO 0.67 44.7 Si\6 2.27 lOil 647.6 13471)1 1 . (1) 63. '0 8.11 2.71 0.61 o • 11 2.34 1. 01') 0.37 0.5? 
29 • 3 1 6.61 30?(J O.()Sl 39. tl 513 2.2(\ 17(, 613;>.2 120073 1 .71 71 .0 6.67 2.11 0.65 O.OlS 2.24 1 .00 0.39 0.39 
.1 I) .31 ') • 81 2(,~0 0.611 35. '1 4f.2 2.1') 1 '; ') Mn. :>; 1'05905 1. 70 71.5 6.11 1.93 0.6~ 0.0(, 2.18 1. 00 0.40 0.40 
3 , 
.31 ~ • (\ 1 220(1 0.61\ ~ 1 .2 41t) 2.01< 13~ "'X;;.5 0091')4 2.0;; n.5 7.86 2.48 0.42 0.06 2.11 1. 00 0.42 0.42 
3? .31 3. ",0 1180 0.61' 25.S :n~ J .9'1 1 I) I, "'in.5 7101\3 2.0~ n .. s 6.74 2.13 0.38 0.07 2.02 1.00 0.43 0.34 
n .31 3 • 1 1 142.0 O.I\R 73.0 S03 1 . 7" 82 "'IJ>;. <; ,65Q S 2.07 n.5 6.06 1. 91 0.34 0.06 1 .78 1. 00 0.49 0.44 
$4 .31 1. 90 669 0.611 16.7 no 1.1.1< 50 61J4.3 34673 2.0" n.o 4.34 1.37 0.29 0.0(, 1.49 1. 00 0.59 o • 51 
.~ 5 .31 1.22 557 O.('1l 12.0; 164 1 .26 37. ~h~.9 22u21 2.04 7?3 3.21 1.03 0.24 0.06 1.27 1. 00 0.69 0.61 
$'" • 3~ 0.£<2- 376 0.(,7 9.7 127 1.10 21 "Il~.t. 14829 2.01 71 • ~ 2.47 n.71l 0.22 0.09 1 .12 1. 00 0.78 I) • 71 
Table 5 4 (Continued) Methanol/Benzene (Kurukehi Data - Ref 12) 
1 2 3· 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Run x v Re .Se Sh k' HG ReL SeL PeL 
a* (a/D)L ShL k'. HL HOG f 
CALC. EXP. 
0 m NOG NOG v v v G L 
1 
.54 3.2.4 3:,20 0.;1' ~ 6. t, 24/ 2.2l 311 20').9 1J261<d 1 .0;; '3.S 2.07 1 .37 0.97 0.09 2.33 1.00 0.38 0.37 
? .54 2.41 2{.70 O. 'ill 211.6 10 4 2.1 2. 2.~1 2(>').9 61417 1.0~ 53.5 1.72 1.14 0.87 0.09 2.19 1. 01') 0.40 0.45 , 
.46 5.70 f.2.70 O. 5, 55.4 :-;R4 2 . .,~ 577 291.6 16P.277 1 .01 51l.4 3.0'; 1 .1l4 1.34 0.0'; <'.60 1. 01') 0.34 0.30 
4 .44 4.4/\ {.990 0.57 45. "5 $16 2.42 (,57 296.3 135407 0.99 :,S' • 1 2.54 1. 51 1.30 0.05 2.48 1. 00 0.35 0.34 
S .42 3.42 31l71) 0.51 3(, • 3 2')3 2.51 351. 2.Y9 • 6 10"'048 (1.9 R 59.9 2.17 1 .27 1 .19 0.06 2.38 1.00 0.37 0.34 
I, 
.40 2.49 21\~O () . 51 27.9 10~ 2 . 1 iI 21'-O "3 (14 • 5 l'l1 RO 0.97 60.8 1.76 1 .02 1. 09 0.07 2.;>6 1. 01') 0.39 0.33 
I 7 .39 1. BR 211<0 11.50 22.~ 1~~ 2.07 191< 304.1 60208 0.97 60.7 1 • 41\ 0.86 0.99 0.07 2.13 1. 00 0.41 0.45 
I R .40 1. 1 0 121,0 (}.51 1Y.4 B~ 1 .31< 1 1 4 30~.7 31.617 0.97 60.5 1. 06 0.61 0.80 0.07 1 .43 1. 00 0.61 0.53 
I 9 .41 (l.s«; t- 2. S 0.51 1 2.5 RI, 1 .09 57 3 n 1 . 1 171 (, 1 0.9i\ 60.3 0.68 0.40 0.61 0.07 1 .13 1. 00 0.77 0.69 I 1 0 .34 6.76 8190 ').47 I, 1 . 1 1. ... 4 ;>.~(, n(' 307.? 226125 0.95 61 .4 3.25 1. 86 1. 69 0.16 2.93 1. 01) 0.30 0.31l 
! 11 
.36 4.40 5/30 O.4!l 43.5 ~O 7 2.1.1, (, 7? 3(05.1< 144348 0.91, 61.2 2.50 1. 44 1.40 0.01\ 2.55 1. 01') 0.34 0.39 
l17 .41 3.71 4210 O. 51 ~ 11. i' 270 2.31. 3 !:SI. 301 .1 115622 (1.91\ 60.0 2.26 1.32 1.24 0.06 2.42 1. 00 0.36 0.4? n .41 3.0Sl 3~2(l il • ~ 1 ~.~ . ~ Z,2 2.n :;21 3(11.1 96645 0.911 60.1 2.02 1.18 1.16 0.06 2.34 1. 01') 0.37 0.3" 
L-____________ ~ ________ ~ _____________________________________________________________________ __ 
..... 
C> 
'" 
1 
Run 
11, 
1 5 
11) 
17 
111 
19 
1.0 
~1 
2? 
2~ 
24 
2~ 
21, 
27 
21l 
19 
50 
:~ 1 
V 
n 
:;4 
3~ 
~(, 
51 
3x 
3 9 
40 
41 
4"? 
2 
x 
.39 
.31\ 
.36 
.44 
.39 
.46 
.44 
.4;> 
.42 
.37 
.4? 
.<l0 
.91 
.91 
.91 
• <I 0 
.90 
.'10 
.'11 
.91 
.91 
• 'I 1 
<i~ 
· . . 
.91 
.9 ? 
• Cl? 
.92 
.97 
• 9 3 
Table 5 4 
3 4 
v Re 
v 
2.4~ 7.~~0 
1.94 ??('O 
1 • 3? 1 5 1 (l 
O./l~ Cl73 
6.0'i 70f)0 
4.77 'i200 
3.6/l 4()9() 
l.SIl ?8~0 
0.80 91lS 
0.1<4 '195 
1 . 3 il 1 5 S (l 
4.47 21,70 
3.511 71(,(1 
5.47 3300 
6.49 ';91 Cl 
2.50 1 ~? (, 
3;2~ 195(l 
3.70 22 1.() 
4.61l ?1~0 
4.80 7'1(\0 
5.50 "1<l0 
5.97 ~5g0 
6.1:l'i 40RO 
1 .91 11'i(J 
2 .• 89 17;;>0 
4.0~ 7400 
4.99 79~u 4.,,, 2610 
(-,.47 3/40 
5 6 7 
Sc Sh k' 
v v G 
I).Sf) 27.3 192 
0.49 72. " 159 
O.4Cl ;;>~.li 155 
,).';~ 16.n 111 
0.50 56.<,) I, (1 0 
0.)4 1'/).2 353 
O.S~ 3[, . 7 269 
0.S1 21.1 . 1 196 
0.51 1 ~ . I 1 ()9 
0.49 1('..4 11 ., 
0.~7 22 .. ~ 1<;5 
() • () 7 50,0 351 
(I • <HI Id.O <'96 
0 • .,8 60./) 410 
(, • 'I 8 69., 1,79 
(). y 7 27.1 1>17 
0.'17 3'1.S ;>7;! 
0.97 4 ' •. 1 304 
0.97 52.6 3fl.3 
·O.9/l 54.5 376 
O. <} 11 59.1 4t)? 
O.<}11 65.0 41./" 
0.'19 72.1\ ~02 
o • 'I ~ 22.1 156 
0.'10 36.3 250 
0.<19 47.(-, S29 
1 • ;) 0 SI'>. ~ 3'} \I 
1 • I) 0 52.4 :H,2 
1 • () 1 69.1. 47/'0 
Methanol/Benzene (Kurukchi) Continued 
8 9 10 11 . 12 13 14 15 16 17 18 19 20 21 
HG ReL SCL PeL 
0* (a!D)L ShL 
, 
f CALe • EXP. a kL HL ID HOG NOG NOG 
7. • 11< 2~9 3UI, .1 7R7';8 O. 'J 7 60.7 1.75 1 .01. 1.09 0.06 2.25 1.00 0.39 0.43 
2.07 204 301'>.0 62429 0.96 61. 0 1. 50 0./l6 1. 01 0.07 2.14 1.00 0.41 0.45 
1 . 4 <; 142 30~.R 4~42!1 0.96 61 .2 1 . 1/\ 0.68 0.89 0.09 1.53 1 .01) 0.57 0.53 
1. t7 84 29 (,.~ 25096 0.99 59.2 0.89 0.53 o .fi8 0.05 1 .31 1. 00 0.67 0.63 
2.5/l 635 3 I) 1 •• 1 1<')309(, 0.97 60.6 3.0/\ 1 .78 1 .52 0.07 2.69 1. 00 0.33 0.35 
?4t. 479 289. "3 131\51111 1.0(l 511.0 2.65 1 .61 1 .27 0.05 2.50 1. 00 0.35 0.32 
2.33 315 294.9 1105 0 1 0.99 511.0 2.26 1 .35 1.19 0.06 2.40 1.00 0.37 0.37 
2.17 2S11 300.1 17424 0.911 59.8 1 .78 1. 04 1 .06 0.06 2.23 1 • 0 l) 0.39 0.41 
1. 25 82 301.;> 24905 0.91\ 60.0 (l.87 0.51 0.70 0.06 1 .29 1. 00 0.68 0.59 
1 .52 1 1 0 30~.9 33648 0.'16 61 .1 0.91l 0.56 0.1l4 0.011 1.59 1. 00 0.55 0.56 
1 • S 1 142 2911,7 42411 0.99 59.7 1 . 2 ~ 0.72 0.84 0.06 1. 56 1. 00 0.56 0.55 
2.15 29R 10S.1\ 315?9 0.97 27.5 1 . 1 1 1.1\5 0.70 1 .85 3.45 1. 00 0.25 0.1 R 
7.06 241 105.4 25399 0.97 27.3 (1.97 1.63 0.64 1.116 3.26 1 .0 l) 0.27 0.19 
2.24 361l 105.5 3111B~ O. './7 27.3 1. 27 2.12 0.75 1.86 3.64 1.00 0.24 0.18 
2.32 437 10~.3 4(\ O?3 0.97 27.3 1 • 4 0 2.36 0.1l1 1. 85 3. R1 1. 00 0.<'3 0.18 
"2 J'I 16'1 106.3 17969 0.'J7 "l.? 7 0.711 1 • 3 0 0.57 1. 83 3.33 1.00 0.26 0.20 
2.07 21"1 105.7 2?Y~1 0.97 2?5 0.91 1 • 52 0.62 1. 87 3.11\ 1. 00 0.28 0.20 
2.07 249 106.1 26410 0.97 2?5 0.99 1 • 66 0.65 1. 86 3.29 1. 00 0.?7 0.19 
2.17 310 10!'.4 3266>1 0.97 27.4 1 .14 1. 91 0.71 1.86 3.48 1. 00 0.25 0.1 R 
7. • 1 H 327 1()S.7 34074 0.97 2?4 1.17 1 • 9 5 0.12 1 • 86 3.52 1. 00 0.25 0.18 
2.?2 3Sf, 1f1t..9 37379 0.97 27.:> 1 .23 2.08 0.75 1. 85 3.60 1. 00 0.24 0.17 
2.17 400 10 1 •• 4 417Si' {J.97 27.1 1 .33 2.25 0.78 1.84 3.70 1.00 0.24 0.18 
7.:53 I. 'i H 103.5 47406 0.'J7 2;> • () 1 .4" 2.46 0.81 1.84 3.82 1. 00 0.23 0.18 
? • 1 0 129 1 I) I • • 9 ns,:~ 0.97 22.2 0.66 1. 11 0.51 1. 85 3.04 1.00 0.<'9 0.24 
1 • 'I P. 194 102.7 1991S 0.97 21 .6 0.84 1 • "5 0.51\ 1 • 81 3.04 1. 00 0.29 0.15' 
;>.11 2.71 1()1.8 27~90 0.97 21 • S 1. (n 1 .79 0.66 1.89 3.35 1. 00 0.26 0.16 
? • , (J :~3 2 101. 3 336~1 0.97 21.5 1 .17 2.114 0.71 1 .97. 3.55 1. 00 0.25 0.16 
7.14 ~()2 100.7 31)419 0.97 21.4 1.10 1.94 0.61\ 1.9? 3.45 1. 01) 0.25 0.15 
2.;>0 425 99.7 4? .~9 0 O. '17 21. 0 1. 36 2.41 0.77 1.95 3.79 1. 00 0.7.3 0.19 
Table 5.4 (Continued) Ethanol/Benzene 
.. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, • , CALC. EXP. Run x v Re Sc Sh kG HG ReL SCL peL 0.: (cx/D)L ShL kL HL ID HOG f NOG NOG v v v 0-
1 .43 1.72 721]9 0.~7 ?'j • .., 1 6.1 7..07 1'lR 22.9.9 4';741 1 .01 37.7 1 .44 1.10 0.77 0.20 2.23 1. 00 0.39 0.38 
? .4~ 1.44 11't.9 \'. ~ 7 n'.2 122 ? . (10 10t'> 230.4 31U7) 1 .01 37.11 1 .29 0.98 o.n 0.20 7. .15 1. 00 0.41 0.43 
~ .41 1 .79 :>'170 \) • 57 N •• 4 146 2.09 ;>1l9 232.'" 4RNl4 1. 0) 3/\.5 1 • S '; 1.17 0.76 0.2f, 2.29 1. 00 0.38 0.32 
I, 
.41 1. 51 1'1<;3 {J.~7 ;'>.0 127 2. (,? 170 232./l 41(l70 1. 03 3/l.5 1 .39 1. 05 0.71 0.25 2.20 1. 00 0.40 0.37 
~ .42 1.44 11l"''' 11.57 /2 . ? 122 2 •. 01 11)/\ 232.5 39131 1. 0'1 311.5 1 .35 1. 02 0.70 0.24 2.17 1. 00 0.40 0.38 
!., • ,,;> 1 • 4 P, 1917 (j.~"1 n.7 125 2.0? 173 232.5 40271l 1 .03 31\.<; 1 .38 1 .03 0.71 0.24 2.18 1. 00 0.40 0.42 
7 .41 1.17 1513 0.<;7 ?1..1> 125 1 • So 1.> '" 232.6 318111 1 • 0 3 38.5 1 • 19 0.89 0.64 0.26 1. 76 1. 00 0.50 0.48 
1\ .L.1 1 • () '" 1H? 0.57 ?·1 .3 11 7 1 .5[. 1?4 232.0 2R80.5 1.03 3P, .·5 LP 0.84 0."'2 0.26 1. 70 1.00 0.51 0.4/l 9 .4? 0.91 117? I) • S 7 1 <i • " 1()/\ 1 . 4 f, 11); 232.5 2L.6:>2 1. 03 311.4 1 .01 0.76 0.59 0.22 1.59 1 .011 0.55 0.73 
10 .41 0.70 1 (P7 1).57 1 7. t. 97 1.39 <i? 232.5 . 21 S9 7 1.03 38.5 0.93 0.70 0.56 0.26 1. 5L. 1. 00 0.57 0.70 
11 .42 0.70 903 (J. 57 16.2 89 1 .33 81 232.5 1 !l974 1 • (l ~ 38.5 0.86 0.65 0.53 0.23 1.45 1. 00 0.60 0.76 
1 ? .L.? 0.57 1'>7 \i.S7 14.2 71l 1 . 2 L. 66 232.~ 15~112 1. O~ 38.5 0.76 0.57 0.49 0.24 1 .36 1. 00 0.64 0.9? 
n .40 1. 70 ?301 O.S/\ 'It..1) lL.4 ;>.0<) 709 234.7 4R9'i'i 1.03 30 .5 1.55 1.15 0.76 0.14 2.19 1. 00 0.40 0.27 
1/.. .40 1.67 "1 AQ O.~'" 7L..'1 13t1 2.07 1911 23L..1 4fdR~ 1 .0' 3Q.4 1.50 1.12 0.74 0.16 2.19 1. 01) 0.40 0.37 
1 S .40 1. ~6 ;>0 ~ ~ n.Sf, ?3.~ no 1'.04 1 lit. 23L..1 43140 1. 0) 39.4 1 . L. 3 1. 07 o • 77. O. 16 2.15 1. 00 0.41 0.41 
111 .L.O 1. 44 1 8 'l(; 0.5'" ?2.1 172 ".01 110 23/ •• 0 39\11 I 1 .0'; 30. :; 1.37
1
,.02 0.70 0.2.1 2.15 1. 01) 0.41 0.51 
17 .40 1 • 2·6 16L.6 0.511 ;>3.11 n? , . 11 "<; 141\ 233.9 3L.,O"l 1. o~ 39.0 1.26 0.94 0.67 0.19 1 .76 1. 00 0.50 0.54 
1 R .40 1. 1 Q 1554 0.511 7"5.0 171 1.60 1 1,0 23L..1 32939 1. 0'1 30 • ~ 1.21 0.90 0.65 0.15 1 • f,9 1. 00 0.52 0.55 
19 .40 1. 07 1397 0.5'" 71 .4 11/'0 1 .54 1711 2.3', • 1 29 b 1 oS 1. 0, 3Q.3 1 .13 O. R4 0.63 0.18 1.65 1. 00 0.53 0.54 
2() 
.40 0.9'i 1 ? 15 (j.~1I 1 <;> • il 10Y 1.47 , 1 1 234.0 2111'i7 1 • (I ~ 3Q.3 1 .05 0.78 0.60 0.' 9 1.59 1. 00 0.55 0.57 
21 • 3·~ 1. 77 ? 341) 0.,5 7"".0 1 [.4 2 • 1 (l 71 ~ 235.2 501011 1.0, 40.4 1 .56 1 .15 0.77 0.13 2.20 1. 00 0.40 0.41 
2? • .3/\ 1. 611 7216 (,.Sf> 'l4.'1 nil 2.(17 ?n1 235.1 47:11'>5 1 .0' 40.2 1 .51 1 .12 0.75 O. " 5 2.18 1. 00 0.40 0.48 
2, .311 1 .44 19 no O.S~ ? 2 .1) 172 ".01 177 235.1 405i\5 1 .0, l. 0 .1 1.37 1. 01 0.71 o • 1 4 2.11 1.00 0.41 0.46 
21 • • 311 1. 4 r; 1 '11 1 (J • 5 ~ 7? . 1 1 ?2 2.07 173 235.1 40821 1 • 0 ~ 1,0.1 1.37 1.02 0.71 0.14 2.12 1. 00 0.41 0.4f, 
,?S • .38 1. 35 1/ /'0/\ 0.55 ;> \) • 9 116 1 .99 16<' 23'i.1 38161 1 • () ~ 40.3 1 .31 0.97 0.69 O. " 3 2.08 1. 00 0.42 0.S1 
2f.. .37 1. 19 1';71l 11.~" ?·S.(I 1 78 1. ,Il 143 235.2 3.~1>7U 1 .0' 4(,.4 1 .21 0.90 0.66 0.10 1. 6S 1. 01) 0.53 0.64 
1.7 .37 1. 04 1372 o.~S ? 1 . 1 117 1 . :'1 124 2'>~.7 29408 1 • (1:1 40.5 1.11 0.112 0.63 0.10 1 .57 1. 00 0.56 0.57 
;>11 
.3.R 0.79 10~o ().S~ 1{ .1 96 1 . 31< 9'0 25'i.f> 2741'11 1 • 0 ~ 40.0; 0.94 0.70 0.57 0.12 1.45 1. 00 0.60 0.55 
,HI 
.37 0.81 1077 ,).5<; 113 .0 100 1.3Q ·97 23~.'l 2301'0 1 • 0 'I 40.4 0.% 0.71 0.57 O. 11 1 .46 1. 00 0.60 0.64 
S~ .31 2.04 ;>770 0.5'\ ? H • ( 1f,0 ? . 1 (, ?S? 236.~ 5971'13 1 • 0;> 41 .9 1.69 1 .24 0.84 0.05 2.70 1. 00 0.40 0.50 
31 .31 1. 76 ? .~03 O.S:I )~.4 142 ? • 1 () ?18 23f,.;> 516.% 1. 01 4:>00 1 . 5 L. 1 .13 0.80 0.06 2.15 1. 00 0.41 0.35 
_I? .3(1 1 .51 :>nAIl (J.<;~ n. '> 1;>6 2.0~ 1 X9 25~.0 4L.SQ6 1. 01 4?0 1 . 4 0 1 • 03 0.75 O.OR 2.10 1. 00 0.42 0.41 
:n • 2'1 1 .2 R 1 7 'i 1 0.5' 1'1.1> 110 1.98 11\0 235.4 371'4 1 .01 42.0 1 .2'; 0."2 0.11 0.011 2.04 1. 00 0.43 0.44 
~ I. .2K 1. 07 14A2 (I • '>? 1'1 • I 122 1 . l,O 135 25'i.0 31l~3 1 .01 4?0 1 • 1 2 O.1l2 0.67 O. 1 3 1.58 1. 00 0.55 0.44 
>'i • ;> 5 ().7~ 10/,f, (1.<;;> 1 7 . S· 97 1 .31 9f, 2£9. P, 2 'It)R8 1 •. (I 0 41'.0 0.B8 0.1\6 0.50 0.2.4 1 .46 1. 00 0.60 0.49 
Table 5.4 Ethanol/Benzene (Continued) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Sc Sh k~ HG ReL SCL PeL cl (a/D\ ShL 
, 
HL f 
CALC. EXP. Run x v Re kL m HOG NOG· NOG v v v 0 
31\ .24 0.59 1<?5 (1.51 14.1l 1<3 1. 21 75 220. <' 17403 1. 00 41 .9 0.76 0.57 0.54 0.30 1. 37 1. 00 0.1\4 0.59 
57 .91 1 • ,4 13;>/ n.ll? ;>.S. S 134 1. 9 5 1(16 2dO.8 20 !<<)9 0.96 1 'i • 1 1.12 0.77 0.77 1 .86 3.39 0.61\ 0.18 0.18 
38 .93 1 .1' 9 '~'i {J.!l~ 1!l.CI 10d 1 • 7 ~ 75 129.<' 9747 0.9f> 1 4 • 'i 0.5f> 0.113 0.51 1.98 2.75 0.65 0.21 0.17 
v> .\13 1 • 0 'i /{i\4 O.il4 1t1.? 104 1 • ." 71 1211.'" 91 ~:~ 0.99 14.4 0.57 0.1l5 0.47 2.01 2.66 0.61 0.20 0.17 
I .. () 
.93 0.75 1\'" 0.1l4 14. I H4 1 . " 51 1cll.3 656:5 0.96 1/,.3 0.44 0.66 0.44 2.03 2.42 0.59 0.<'1 0.21 
41 .94 0.40 3,6 0.81, "'.1 '55 1 .23 27 1~"'.7 34;>9 0.96 1 4.1 0.29 0.45 0.34 2. 11 1.95 0.35 0.16 0.28 
42 .94 0.33 U6 (\.1\4 H.S 1.9 1.15 2:'> 1 a.7 7827 0.96 14.1 0.26 0.39 0.32 2.08 1 .81 0.3'i 0.17 0.35 
4, 
.!lS 1 . 5l, 1424 0.77 ;> 4 . , nl 1 .9? 11 (I 1)0.? 16(1)0 0.94 17. '4 0.73 0.94 0.66 1 .31 2.78 0.61 0.19 0.26 
41, ./i'i 1 • 211 1174 0.71l ;> 1 • 3 1 <' 1 1 . !HI 94 144.1l 1"'679 0.94 17.2 0.65 0.85 0.60 1 .33 2.59 0.59 0.20 0.21l 
4'i .85 1 .04 9 'i 7 O.7H 18.7 106 1 .6P. 77 144. <) '11161 0.94 17.3 0.57 0.75 0.55 1.34 2.42 0.58 0.71 0.29 
4f, .85 O. n 670 0.711 14.11 114 1 . 4 P-
." 144.9 71110 0.94 17.3 0.46 0.60 0.48 1 • 33 2 • 1 2 0.53 0.22 0.31l 47 .85 0.30 3"5 (). 77 q.6 ~ -- , ! . 11l 2f< 144.7 41H 0.94 17.3 0.31 0.40 0.38 1.32 1. 68 0.23 0.12 0.51 
41l .71\ 1 • (, 0 1575 Cl. 75 ;> 5 • 2 145 1 .91 12/i 154./\ 1<)83"1 0.94 19.'i 0.80 0.97 0.68 1.00 2.59 0.59 0.20 0.27 
40 .79 1 .35 13 7" O. n 21.6 121\ 1 • /i0 1(}7 15~.R 16518 0.94 1<).2 0.72 O.RS 0.64 1. 02 2.45 0.58 0.21 0.27 
50 .n 1 .10 107R 0.73 1 q • R 112 1 . (, /{ 117 154.4 13543 0.94 19.4 0.63 0.77 0.59 1. 01 2.27 0.51 0.20 0.29 
51 .79 0.77 7"1 O. n l'>.b H8 1 .48 (,0 15~.7 9319 O.9l, 10.1 0.50 0.62 0.51 1.03 2.01 0.53 0.;'>3 0.33 
'i? .78 0.4'4 4~1 0.7 .... 1 I) .9 61' 1 .21 .35 1)4.2 5400 0.94 1 C) • 4 0.3(, 0.43 0.42 1.00 1 .63 0.21 0.11 0.50 
5 .~ 
.74 1 .6<) 1-126 0.70 75.9 1t.6 1 .9 f. 147 161 .2 22977 0.9l, 21.1 0.811 1. 01 0.71 O.BO 2.54 0.59 0.20 0.29 
'>4 ."/4 1. 34 , 317 0./0 ?2. H P/i 1. 71\ 11< 161 .7 1R207 0.94 21 .1 0.76 0.87 0.65 0.80 2.30 0.56 0.?1 0.21l 
SS ."/4 1 .17 11 iql O. 71 70.8 11 7 1,70 Cl7 1(,1.0 1571,R 0.94 21.0 0.69 0.80 0.62 0.82 2.20 0.55 0.22 0.34 
So .74 0.79 8(15 0.70 10.1 01 1 • I./< 66 16' .2 1061l1l 0.94 21.0 0.54 0.62 0.53 0.80 1.90 0.54 0.25 0.35 
')7 .73 0.411 4') 5 (J.70 11 .7 M, 1 .24 40 167.2 "'614 0.94 2'\ .3 0.40 0.46 0.44 0.78 1. 59 0.33 0.18 0.50 
)R 
.71 0.26 275 0.69 !l.O 44 1.(1) 2;> 16(,.4 ,601 0.94 7?7 0.2R 0.31 0.36 0.49 1 .17 0.20 0.15 0.84 
~9 .55 1 .4 R 1 '" ~ (1.61 U .9 1 ?7 1 .91'> 113 700.9 30854 0.96 :30.5 1.04 0.93 0.74 O. U, 2.18 0.65 0.26 0.40 (,0 .5'; O.8R 101.1. 0."'1 1 B . $ 1 (11 1 . 411 91 ?on.<) 111348 0.9(, 30.5 0.75 0.67 0.61 0.27 1.64 0.62 0.33 0.40 
1,1 
.55 0.)5 65;> 11.61 1 3 . S 7/, 1 • ? 5 ~7 201.f, 115011 0.96 30.6 0.57 0.50 0.51 0.26 , .39 0.52 0.33 0.56 
67 .48 1. 53 191)0 0.50 ? :. . 5 13(0 2.01 169 ~1R.? UOOo 0.911 34.5 1 .20 0.97 0.76 0.30 2.24 0.80 0.';1 0.46 
6~ • 4.11 0.(1) 111"/ O.5IJ 18.9 104 1 • 41\ 90 217.2 216~2 o .9R 34.5 0.116 0.70 0.62 0.30 1.66 0.71 0.37 0.3/\ 
64 .48 0.56 5?7 (l.77 12 .6 69 1 • 3 (, 01 71R." 1 "26 o .9R 34.5 0.64 0.52 0.52 0.30 1 .51 0.59 0.34 0.58 
1'15 .08 1.46 2"(1 0.4~ 71 .0 1 7 (l 2.06 ;>01 15?(1 30648 0.99 211.4 1 .10 1 .24 0.64 3.22 4.12 0.82 0.'7 0.34 
6(, .011 1 .45 ? 119 (/.41< ?0.9 1<'0 2.05 700 157.0 .~05t.1l 0.99 21'-.4 1 .10 1.24 0.64 3.2? 4.11 0.82 1).1., 0.34 
67 .13 1 • 5;> ;>1'>2 (/.1,<) ? 1 . Il 1?~ 2.07 ?OS 167.4 374<;4 0.99 33.6 1.22 1.15 0.71 1.52 3.15 0.90 0.25 0.3~ 
(,11 
.H , .S? ? 1 W, (I .. {~l) n.o 1"6 7.07 71)~ 1911.0 4051\0 0.99 3('.S 1.27 1 .10 0.74 0.91\ 2.79 1. 00 0.31 0.33 
I 60 
.1 7 1. Sf> ?7. ~4 0.51) U.~ PIl 7.(\1< ?III< ~O'.1 47?f.,4 0.99 37.5 1. 31 1 • , 0 0.75 0.82 2.69 1. 00 0.33 0.35 i 7 (] .21 1 • 5 f, n01 (I. 51 n .6 l;>H 1.07 ;>o~ "N.;>. 4 45156 0.99 40.9 1. 3f, 1 .05 0.78 0.30 2.31 1. 00 0.38 0.40 
--'---------------------------------- ----
Table 5.4 Ethanol/Benzene (Continued) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, Q* k' CALC. EXP. Run x v Re Sc Sh kO HO ReL SCL peL (a/D)L ShL HL m HOG f v v v a L NOG NOG 
71 • 23 1. 4 ~ ;>0,:$ 0.51 Z 1 • " 121 2.0/, 187 225.3 421<13 1. 00 41 .5 1 .31 1. 00 0.75 0.35 2.30 1. 00 0.38 0.40 
72 .2(, 1 .54 21211 (I • ~ 2 22.6 127 2.06 19<; B3.1 45503 1 .01 42.0 1.39 1. 03 0.77 0.18 2.19 1. 00 0.40 0.38 
77- .34 1.47 19'>7 0.54 72.1 123 2.03 1/9 236. (, 42401 1 • (I?, 41.3 1.38 1 .01 0.73 0.05 2.06 1. 00 0.42 0.38 
74 .50 I .41 1n" I) • () 1"1 72 .• 0 12.1 1 • Y F h? 211. 3 32306 0.98 33.2 1 .1 [) 0.93 0.71 O. ·1 ? 2.06 0.71 0.30 0.43 
l'i .51 1 .45 1770 O.&fl 22.5 124 1 ." 9 1 S 6 210.7 32995 0.'111 3,.0 1.13 0.95 0.72 0.18 7.11 0.77 0.32 0.43 
7f. .54 1 .39 1!\ 4<; V.1>2 21..7 136 1 .7 b 1 I, 'i 2.02.3 294117 0.96 30.1l 1. 01 0.89 0.73 0.26 1.93 0.68 0.31 0.35 
77 .6~ 1.37 1 ,,<I 0.60, 23.9 135 1 . "16 131 I I) 2..4 23'1R7 0.95 26.0 0.89 0.1l9 0.69 0.28 1.95 0.60 0.27 0.40 
ll' .A4 1 • 30; 1 ~oo 0.65 23.6 131. I .75 1U 179.7 22906 0.95 25.3 0.8(, 0.87 0.69 0.30 1.95 0.60 O. ?7 0.37 
19 .74 1. "3;> 15<;0, O. I () 22.6 1n 1. 17 111 161 .5 111021 0.94 21 • 1 0.75 0.1l6 0.65 0.80 2.28 0.60 0.23 0.33 
Table 5.4 (Continued) Acetone/Benzene (Kurukchi Data - Ref. 12) 
I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
!Run i * , CALe • EXP. x v Re Sc Sh kG HO ReL SCL peL & (a/D)L ShL kL HL m HOG f v v v NOG NOG 
1 
· (5 1. 60 75M) (I • ~ 'i 76.0 1 V) ? . 1 () 2:W l7.7 lR560 1 .00 17.1 O.IlII 1.11 7 0.46 1. 18 2.64 1. 00 0.33 0.33 
2 • ? S 1. R9 2790 \1. S ~ 79.7 H9 ;>.17 2R~ n. '; ~19 24 1. on 17.0 0.97 2.08 O.4Q l.aO 2.75 1. 00 0.32 0.31 
3 .74 2.~P. 3650 11.5'; ~6.9 lX~ 2.7i' 369 n.6 211.646 1 . (J 0 17.0 1 • 1 '; 2.46 0.54 1 .22 2.94 1. 00 0.30 0.29 
4 .;>3 3.4(, ';110 O.~<; 1,8.2 ?1.2 2.44 517 f7.4 40034 1 .00 16.9 1 .4;> 3.04 0.62 1. 25 3.21 1. on 0.27 0.29 
5 .33 2.86 4160 (1."'> 1,1 .9 209 ? .. 3/' 4?Y /;1,.4 j-624 1 .01 17.6 1.30 2.74 0.56 0.93 2.1\6 1.00 0.31 0.3;;> 
(, 
.30 2.98 4:~<;O (I. 5 ~ 1,3.2 216 2.56 41,6 'fR.2 3/,886 1 .01 17.4 1. 3::> 2.79 0.57 1. 01 2.94 1 .0 n 0.30 0.30 
7 .~6 .3.0~ 454il O.~<; 1,1... 1 221 ?j8 463 n.3 357114 1. on 17.1 1.32 ?1l4 0.5() 1 • 1 5 3.05 1.00 0.29 0.29 
R .tt> 2. 1 7 '1 ')(1 0.'><; 33.<' 166 (!. a ~?l. 17 • Po .:'5210 1 .01 17 .1 1. 06 2.7.7 0.52 1.13 2.80 1.00 0.31 0.31 
9 .75 1 • 8 f, 27ldl II.~~ 29. ~ 1 (~7 2.15 217 f7.7 .:'1511 1. 00 17.1 0.96 2.05 0.49 1. 11l 2.73 1.00 0.32 0. 301 
1 n .26 1 .61 2~FO o . 5 <; 26.1 1 .~ 1 ".09 ;> 4 t) 77. Po 111674 1. 00 17 .1 0.e8 1.88 0.46 1. 'I 1 2./\1 1. 00 0.34 0.341 
1 1 .2(, 1.27 1 il7,) I). ~'i ;> 1 .6 11111 ;> • 01 1'10 17.7 147";1 1. 00 1 7.1 0.76 1.63 0.42 1 • 11 2.48 1.00 0.35 0.391 
1:> 
.If 1 .87 27'<' (I 0.';<; ?9.4 1l.k ;> • 1 6 ;>/9 77.7 21 M\~ 1. 00 17.1 0.97 2.07 0.49 1.1 ~ 2.72 1. 00 0.32 0.31 
1 3 .2~ 1 .44 21 2 i) (I.~'; 73.8 119 (,.05 714 17.7 1'<'624 1. 00 ,., • 1 0.1l2 1. 75 0.44 1 .17 2.57 1. on 0.34 0.57 
14 .32 ".83 41 ~ (J ('. )"; 41 .5 ?n7 ~ • 3 t I,t"> IfI.3 :532Po/i 1 .01 17.5 1.29 2.72 0.56 0.91l 2.1\9 1. 00 0.30 0.3;> 
1 5 .31 2. 5 ~ ,,,110 0.)"; 31.8 181l 2.;>1' ,'7 lfl.3 2950 I 1. 01 17.5 1. 1 9 2.52 0.54 0.98 2.8f) 1. 00 0.31 0.31 
1 ,.; 
.31 2.14 3120 O.~(, 33.1 'I ~, 2. ('1 320 lPo.2 <'5019 1 .01 17.5 1. 07 2.27 0.50 0.98 7.70 1. 00 0.32 0.32 
17 .31 1 .67 243'. O.Sf, ?7.0 1 ~ '; 2.11 249 "/Po.2 1 Q 41;6 1 .01 17.4 0.92 1.94 0.46 0.9 R 2.56 1. 00 0.34 0.35 
, ~ 
.36 ?29 ,$2(1 l).~" 35.2 17S I. • ? I, 3/.l.l.. "/R.5 ?71112 1 .02 17.7 1 .1 5 2.41 0.51 0.83 2.66 1.00 0.33 0.34 
1() .3~ 13.32 4k,~0 ('.51'· ~ '( • 3 73f. 2 • ~ 1 b<iS 18.4 390">1 1. 01 17 .6 1. 43 3.01 0.59 0.9? 2.95 1. 00 0.30 0.30 
?<l .:~7 2.66 ,1\"1(1 ('.'>"; 39. '. 1'17 ?31 3'18 IR.4 311R5 1. 01 17.5 1 .24 2."1 0.54 0.9 R 2.84 1. 00 0.31 0.30 
/1 .31 i 2.;>~ ')21..0) \).56 34.. I' 1 7 0 7.23 ';33 lR.> 260Po3 1 .01 17.5 1. 11 2.33 0.51 0.97 7.73 1. 01} 0.32 0.3;> 
Table 5.4 (Continued) Chloroform/Benzene (Kurukchi Data - Ref. 12) 
1 2 3 4' 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, 
* 
, CALC. EXP. Run x v Re Sc Sh kG HG ReL SCL Pe 8- (o:/D)L ShL kL HL m HOG f HOG HOG v v v L 
1 
.19 2.!l~ 4510 0.61 I.") .. 0 21)4 ;> • :~ R I, ~, 62.2 211" 2.5" 1. 01 1.3.0 1. 20 3.16 0.50 1.49 3.13 1.00 0.28 O.l~ 
? .26 3.34 ~440 O.6f) 55.1\ n1 2.4" 539 62.6 33730 1. 01 13.2 1. 34 3.49 0.53 1.37 3.19 1.00 0.27 0.31 
~ .N-, 3.115 117.70 iI.60 62.6 21\0 2.53 621 62." 38a54 1 .0' n.2 1. 46 3.112 0.56 1.37 3.30 1. 00 0.26 0.31 
'4 
.?f.. 2.91 (,1 1,0 a.60 4<} .9 207 2.40 470 62.f.. 29406 1. 01 1:'; • <' 1. 23 3.70 0.50 1 .3/\ 3.10 1. 00 0.28 0.27 
S .26 2.54 4 ~ ~ (, 0.'<'0 I, '" • I 11<5 2.33 409 62." 25:;% 1. 01 13.2 1.13 2.04 0.411 1.37 2.99 1. 00 0.29 0.31 
f, 
.26 2.3/\ -':0 7 (1 0.60 42.4 171\ 2.31 3114 1\2.1\ 2 Id)?4 1 .01 1'.2 1 . 0/\ 7.83 0.47 1.37 2.9; 1. 00 0.30 0.33 
7 .26 1 .9 R ~2-':O 0.<'>0 H.6 152 2.23 321 62.5 200~4 1. 01 13.2 0.97 2.53 0.44 1 .36 2.83 1.00 0.31 0.31 
,q 
.31 2.115 t.6Q 0 0.60 I.'} • 1 ~(13 2.39 465 62../\ 29215 1 .01 n.4 1.22 3.16 0.50 1 .31 3.04 1.00 0.29 0.28 
() 
• 31 ".61 4300 o.()o I,., • 8 H9 (.35 1·76 62.8 26773 1. 01 13.4 1 :16 2.99 0.411 1.32 2.99 1.00 0.79 0.29 
11) 
· 31 2.25 369(1 I) • ,<, (\ l .. n.'1 1A? 7.29 367 62.8 23()('O 1 .01 n.4 .1 .05 2.72 0.46 1 .35 2.91 1. 00 0."30 0.30 
1 1 
· 31 1 .98 321,0 O.AO 36.1, 1 ~ 1 2.23 324- 62.8 205~6 1. 01 13.4 0.9/'1 7..52 0.44 1.30 2./\0 1.00 0.31 0.28 
p 
• 31 1.62 2.67(, 0.1,0 31 . l. 1 ;> 'I 2.15 265 62.A 11\647 1. 01 13.4 0.86 2.22 0.40 1.30 2.67 1. 00 0.33 0.29 
1 ) • 31 1 .2'1 2(1:>0 \/.60 2<..'1 105 Z.04 201 62.R 126 )1 1 .0' 13.4 0.7? 1.87 0.36 1 .3'0 2.51 1. on 0.35 0.311 
14 .28 2.97 t.k'iO t) • (,() 5 (, • 8 ;>10 2.41 1·81 62.7 30158 1. 01 13.3 1.25 3.2~ 0.51 1.40 3.12 1.00 0.28 0.31 
1 s .29 1. ;6 2560 0.60 30.2 175 7.1:5 2!> I. 6".1'\ 15946 1. 01 1 ) • ,. 0.1l4 2.17 0.40 1.44 2.71 1.00 0.32 0.32 
1 I, 
.30 2.1\9 1.13 () 0.60 4'1.6 2(15 2.<.0 469 62,. R 29449 1. 01 13.3 1.23 3.18 0.50 1.42 3.11 1. 00 0.28 0.30 
17 .29 2.38 .)890 0.(,0 4'1...4 17'> 2.31 3il6 62./\ 24233 'I • 01 13.3 1. 09 2.82 0.47 1.45 2.01l 1. 00 0.29 0.27 
1 R 
.29 1 .65 ?7<)() 0.60 ) 1 • ., 1 'H) 2. 1 ~ 268 62.6 16'179 1 .0' n.3 0.1l7 2.25 0.41 1.46 2.74 1. 00 0.32 0.29 
10 .29 0.89 1460 0.60 22.'> 93 1. ('.3 145 62.8 9099 1. 01 13.3 0.59 1 .53 0.32 1. 45 2.10 1. 00 0.42 0.41 
2 '1 .6, 3.4R 60SH 0.51'\ 5t1.5 736 2.51 607 63.R 311741 1. 00 14.9 1. 42 3.48 O.5~ 0.83 2.95 1.00 0.30 0.211 
21 .54 2.2? 3!l~O 0.51' 1,0 • ., 164 2.30 381 63.6 21.L20 1. 00 14.4 1 .07 2.65 0.45 0.96 2.73 1. 00 0.:'12 0.31 
2? • 'j 4 1. 03 1770 0.51< 21 • M 81l 1.98 177 63.1'> 11252 1. 01) 14.4 0.66 1.64 0.34 0.96 ?31 1. 00 0.38 0.31\ 
t, .52 1 .12 1910 O.SI< 23.2 9 I, 2.02 191 63.~ 12137 , .0 n 14.3 0.69 1. 73 0.35 0.911 2.36 1. 00 0.37 0.37 
2 [, 
.52 0.92 1 t:;'i\0 () • 5 R 23.S "S 1 . 6 5 1 SI< 63.S 10036 1. 01) 14.3 0.62 1.54 0.33 O.9f\ 1.97 1. 00 0.44 0.42 
Table 5 4 . (Continued) Ben zene / H t n- ep ane 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
, 
* 
, CALC. EXP. Run x v Re Sc Sh kG HG ReL SCL PeL g. (o:/D)L ShL kT, HT m Hnr. f NOG NOG v v v 
1 .94 0.95 1 47;> 0.16 24.~ 84 1 .93 1 4/\ 91.6 135113 0.99 18.9 0.70 1. ;>9 0.43 0.80 2.7.7 0.51 0.20 0.35 
? .91 0.95 1485 CI./6 24.6 84 1 .92 152 90.3 13732 0.98 18.7 0.69 1 .29 0.45 0.66 2.7.2 0.51 O.?O 0.23 
) 
.89 0.94 1462 0.15 24. ~ 84 1.90 151 119.4 1354') 0.97 13.7 0.67 1 .26 0.45 0.67 2.20 0.51 0.20 0.27 
f. 
.S7 0.95 1481 iI.l"- 24.; 84 1 . 4' 1 56 1I~.2 13/67 0.96 18.f.. 0.67 1.27 0.46 0.71 2.23 O.S? 0.20 0.28 
~ .84 0.96 1 ~17 (J.l~ :?4.11 86 1 .92 163 /:S".6 14141 0.96 18.4 0.68 1 • 31 0.46 O. {,9 2.23 0.54 0.21 0.34 
..... 
-.j 
o 
1 
Run 
{, 
7 
R 
0 
10 
11 
12 
n 
11, 
1 ~ 
,'" 
17 
jP .
10 
20 
21 
?? 
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?4 
cS 
2f-
27 
?g 
29 
-I f) 
:';1 
5? 
» 
51. 
3~ 
3;; 
)7 
VI 
\0 
I~ ~) 
2 
x 
.112 
.79 
.77 
.74 
.71 
.10 
.(,7 
.65 
.61 
.53 
.49 
.4~ 
.38 
.31 
.29 
.24 
.22 
.21 
.19 
• 1 6 
.1 4 
.1 2 
.O<} 
.93 
.91 
.119 
.87 
· 8 S 
.1l3 
.79 
.n 
.74 
.74 
.73 
• f- 'i 
Table 5.4 
3 4· 
v Re 
v 
0.95 1 S 113 
0.',13 14/,/< 
O.M4 131.4 
0.h7 13.<\~ 
0.91 146(, 
0.91 141)/\ 
0.76 1;>70 
o . () 0 14fiL 
0.1\4 13"'4 
0.116 1414 
0.85 1 411 
0.87 1444 
0.67 1119 
o . 'I? 1 5/,7 
0./<4 1471 
(l.87 1475 
O.1l4 1/.?8 
0.80 13;; ? 
0.88 1404 
O. 77 1:; 1 (I 
0.1<2 1404 
0.!l0 B78 
11.89 15 ~o 
0.57 874 
0.54 Il~/l 
1 0 • 511 9114 
1°·';4 114'; 0.;'> 8C,H 
V.S7 91lS 
IO.S3 84il 
o . 54 111;1 
0.51 Il?? 
().~5 HR1 
0.5? i<~9 
0.51 11 '1 
5 6 
Sc Sh 
v v 
0.74 24.6 
0.14 24.2 
(I. n 22.K 
O.l~ 25.2 
(I. n 24.0 
0.1? 24.0 
O.7? 21 .. ~ 
O. 11 23.4 
O. /1 12 • H 
0.70 i'3. Z 
0."'0 2 3.1 
0.61< 2:5.3 
O.6R 1'1., 
0.67 24.2 
0.67 22.9 
H.(,f, 23.4 
0.6'" 22.9 
O.6~ 22.2 
1'1.65 2 _~ • :> 
'0. (,5 21 • /) 
\l.f,5 2<'.> 
0.64 U .2 
0.1,4 Z:s. 7 
(). ," 1'1.'> 
0.76 17.0 
0.7~ 1l . K 
n.7s 1 l. Cl 
il.7~ 17.1 
O. 11, P.7 
O. 11. 16.'1 
O. n 17. 1 
O. 1 ~ 1 6.~ 
0.1' 17. ~ 
() • I( 1 " • K 
I).I? . '! b. A 
Benzene/n-Heptane (Continued) 
7 8 9 10 11 12 
, 
* kG HG ReL SCL PeL & 
85 1 . y (l 1('5 84.7 1 ~yR6 0.96 
1:'4 1. lib 1(,4 113.0 136112 0.95 
l'f 1 . B 2 1;3 i\ 1 • 8 12S'B 0.95 
1<0 1.113 161 79.2 12812 0.95 
R4 1 • R6 174 n.o 13462 0.95 
84 1 .115 116 76.~ 13454 o . '1 5 
74 1.73 149 73.1! '101'1 0.95 
8/. 1 • I! 4 1(10 '13 .1 131fi7 0.95 
80 1 .78 1 (,9 71 .9 17.171 0.95 
82 1 . "19 1 /;:s 65.~ 17.073 0.95 
82 1. n 187 62,9 11771 0.96 
8$ 1.77 196 50.6 11710 0.96 
71 1 • (,1 1~S 5f •• 9 IIX4l o • '17 
8"1 1. ;9 221 5,.9 11951 0.98 
83 1 .74 204 5?2 106R5 0.98 
85 1 . /1. 216 49.6 10741 0.'18 
8.3 1. 72 210 48.9 10315 0.99 
80 1 .69 202 48.3 9n1 0.99 
86 1.74 22? 47.7 106?2 0.99 
79 1 .66 197 46.3 013'1 0.99 
Ili' 1 .69 2,)9 46.4 970 (J 0.99 
81 1. 68 210 44.7 0401 0.99 
117 1 . i'3 231, 43.6 111304 0.99 
60 1 .60 RI! 91 .4 /l092 0.98 
51< 1.,7 H~ 90.7 7746 0.98 
61 1. 61 0/, 110.2 !BRS o .97 
511 1.S7 89 b8.2 7>\<'6 o . 9 fi 
5'1 1 .57 'f2 86.6 79 0 3 0.9(, 
61 1. 60 99 il5.2 11441 0.96 
51J 1. ;50 9C, 82.9 79Ml 0.96 
5" 1. S5 91< i\ 1 .7 11078 0.'15 
51 1. 52 'If, 19.2 7600 0.95 
60 1 .56 101 80.R 112;>0 0.95 
58 1. 53 97 1:\ (1 • 1 7811) 0.95 
58 1 .51 1011 7/, . SI 7S4'1 0.'15 
13 14 15 16 17 18 19 20 21 
, CALe. EXP. (a/D)L ShL kL HL m HOG f NOG· NOG 
111.~ 0.1>7 1.32 0.46 0.60 2.18 0.54 0.22 0.31 
1 R . 1 0.1>6 1 .31 0.45 0.67 2. 18 O.5~ O. ;;> 1 0.35 
1 R. Il 0.6? 1 .26 0.1.4 0.60 2.(lb 0.50 0.~1 0.42 
17.6 0.63 1 .31 0.44 0.66 (.12 0.52 0.22 0.35 
17.3 0.65 1 .40 0.44 0.64 2.14 0.57 0.23 0.30 
17.1 0.66 1 .41 0.44 0.64 2.13 0.57 0.23 0.36 
16.6 0.51\ 1.29 0.40 0.70 2.01 0.48 0.21 0.40 
16. 5 O.6S 1. 4 S 0.43 0.70 2.14 0.56 0.73 0.38 
1 (,. ;;> 0.60 1.36 0.43 0.67 ?07 0.54 0.23 0.48 
1/, .9 0.63 1. 55 O.~1 0.74 2.09 0.56 0.?4 0.41 
11..3 0.6;;> 1 .62 0.40 0.83 2.10 0.57 0.24 0.,2 
13.6 0.63 1.73 0.39 0.93 2.1 3 0.58 0.?4 0.47 
13.1 0.5 f, 1 .54 0.34 0.92 1 .93 0.49 O. ?2 0.46 
1 ? • ;> 0.67 2.00 0.37 1.10 2.70 0.64 0.76 0.45 
11 .9 0.63 1.94 0.3.5 1.13 2.13 0.58 0.24 0.45 
11 .3 0.64 2.07 0.35 1.17 2.1 5 0.62 0.<'5 0.48 
1 1 • 2 0.63 2.07 0.34 1.24 ? .15 0.61 0.25 0.4(, 
11.1 0.60 2.02 0.33 1 .30 2.1 t- 0.58 0.;>4 0.44 
10.9 0.64 7. .H 0.34 1.35 2.20 0.61 0.?4 0.44 
1(\.6 0.,9 2.06 0.32 1 .40 2.10 0.57 0.24 0.48 
10.4 0.62 2.15 0.33 1 .1.6 2.17 0.6() 0.24 0.43 
10.2 0.61 2.19 0.32 1.57 7. .18 0.60 0.24 0.40 
10.0 0.64 2.38 0.33 1 .75 7. • 31 0.66 0.75 0.49 
1/l.9 0.50 0.92 0.36 0.80 1.89 0.29 0.13 0.10 
111.7 0.411 0.90 0.36 0.66 1 • R 1 0.27 0.13 0.40 
1R.7 0.50 0.93 0.38 0.76 1.90 0.30 0.14 0.38 
1 R . 6 0.47 0.90 0.37 0.75 1 • R4 0.28 0.13 0.38 
11\.5 0.48 0.92 0.37 0.66 1 .82 0.29 0.14 0.4R 
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CONCLUSIONS 
CONCLUSIONS 
Empirical correlations were developed for individual mass 
transfer coefficients for distillation in a disc column. 
The vapour side correlations were divided between two regimes 
depending on whether laminar or turbulent conditions were prevailing. 
The two correlations are: 
, 
kG d 
= 0.234 n 
v 
and 
, 
kG d 
= 0.089 D 
v 
* 
C~de) :.650 (;nJ ~/3 
for Re < 1700 
v 
( )0.808 (;n )~.O upd __ e
[1 v 
for Re :> 1700 
v 
(5.3) 
(5.4) 
The ratio~ was found to be the most suitable simple criterion 
for determining whether a particular mixture is surface tension pos-
itive, neutral or negative. 
0* Using a wide range of values of a . with complete wetting of 
the discs it was shown that surface tension positive systems resulted 
in higher liquid side mass transfer coefficients. This is believed 
to be due to the increase in surface renewal attained with positive 
systems. 
The correlation developed for liquid side mass transfer co-
efficients is: 
kL G [12)1/3 
nL p2 g L 
= 
Sprays of droplets were sometimes ejected from the liquid 
stream during distillation of negative mixtures. Analysis of high 
172 
,speed cine films showed that the extra interfacial area produced 
by these sprays was negligible. Droplets are'also ejected from 
a stationary sessile drop during distillation with some concentr-
ations using negative mixtures. There appears to be no simple 
relationship between the intensity of droplet ejection and value 
* C5 
of cr . 
173 
SUGGESTIONS 
FOR FURTHER WORK 
SUGGESTIONS for FURTHER WORK 
One of the problems encountered ·in the investigation of neg-
ative mixtures was that very often the discs were only partially 
wetted with the main liquid stream. It is difficult to estimate 
the fraction of disc surface which is wetted and to entirely 
correct for partial wetting in the calculations. Furthermore 
the areas of the disc not covered by the main liquid stream are 
covered with a thin layer of condensed liquid. As condensation 
is continually taking place, this thin layer of liquid must be 
draining from each disc and mixing with the main bulk of liquid 
at the junctions between the discs. The magnitude'of its effect 
upon the separation-in the column is unknown. The difficulties 
.----_. 
associated with partial wetting could be overcome using a column 
with a fixed liquid/gas interfacial area. A pool column of the 
type described by Ellis and Biddulph (ref. 52) and Moens and Bos 
(rei. 54) would be Suitable for this purpose. 
An empirical approach to predicting distillation mass trans-
fer coefficients is dependent upon the availability of accurate 
physical property data for binary systems at their boiling points. 
Much experimental work remains to be done in this field. 
Investigation of surface phenomena in the sessile drop equip-
ment is limited by bubbles forming in the central glass tube at 
sorn~ concentrations. This could be overcome by insulating the 
tube. 
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APPENDICES 
8.1 (Appendix) - Graphical Presentation of Physical Properties 
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Methanol/Water 
Vapour/Liquid Equilibrium Diagram 
at Atmospheric Pressure 
(ref. 58) 
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Vapour/Liquid Equilibrium Diagram· 
at Atmospheric Pressure 
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8,2 (Appendix) - Characteristic dimensions of U,M,I,S,T, Columns 
The column used for the distillation of methanol/water (ref, 57) 
consisted of:-
packing 26 porcelain discs 
internal diameter 
of column 
15/ 
16 ins, 
diameter of'discs 0,04691 ft, 
thickness of discs 0,01345 ft, 
Using the same procedure as that described for the Loughborough 
stainless steel disc column, (see section 3,2) 
total height of packing = 1,23 ft, 
specific surface area 
for mass transfer 
mean perimeter of 
discs 
free cross sectional 
area of colunm 
= 24 201 ~+ 2/ f <· 3 • .!. .... "'. 
= 0,100795 ft, 
2 
= 0,004285 ft, 
hydraulic. mean diameter. 
for vapour flow = 0,049504 ft, 
The column used for the distillation of n-propanol/water 
(ref, 56) consisted of:- . 
packing 21 graphite discs 
internal diameter 
of column 1,0 ins, 
diameter of discs 0,04691 ft, 
thickness of discs 0,0129 ft, 
2GO 
Using the same procedure as that described for the 
Loughborough stainless steel disc column. 
total height of packing 
specific surface area for 
mass transfer 
mean perimeter of discs 
free cross sectional area 
of column 
hydraulic mean diameter 
for vapour flow 
= 0.984 ft. 
= 
= 0.099547 ft. 
2 
= .0.004979 ft. 
= 0.055116 ft. 
8.3 (Appendix) - Sample Calculation of NOG from Experimental Data 
Ethanol/Water Run 12 
top reflux composition = .645 mole fr. ethanol 
bottom reflux composition = .608 .. 
top vapour composition = .636 .. 
bottom vapour compo.si tien = .614 " 
average composition at· top of column = .645 + .636 2 
= .6405 mole fr. ethanol 
average composition at bottom of column = .608 ~ .614 2 
= .611 mole fr. ethanol 
NOG is defined as dy 
* y - y 
The integral was evaluated graphically using a planimeter 
for the area defined between the limits Y2 = .6405, Yl = .611 
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1 
* y -y 
y, mole fraction ethanol 
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. f or the graph 1 shown in Fig. 8.3.1. 
* y - y 
This gave NOG = 0.349 
8.4 (Appendix) - Sample Calculation of Vapour Side Correlation 
Dimensionless Groups 
Ethanol/Water Run 12 (as above) 
time taken to collect 40ccs = 65.0 secs . 
average composition = 
. 6405 + .611 
2 = .626 mole fr. ethanol 
molecular wt. of ethanol = 46.06 
molecular wt. of water =- 18.01 
molecular wt. of average composition = 18.01 + .626 '46.06 - 18.01) 
= 35.6 
molecular wt. at column base = 18.01+ .611 (46.06 - 18.01) 
= 35.1 
density of liquid at base of column = 48.9 lbs/ft3 
liquid rate at base of column = 
40 
65.0 x 
3600 
(30.48)3 
= 3.82 Ibs/hr 
(Fig. 8.1.20) 
48.9 
x 
3.82 
.109 Ib moles/hr = = 35.1 
/ 
Assuming equimolal flow in the column, 
average liquid flow rate = .109 x 35.6 = 3.88 Ibs/hr 
mean wetted perimeter of disc = 0.103 ft. 
\ 
•• liquid flow rate per unit width of surface, r 3.88 =---0.103 
= 37.6 lb/(hr)(ft) 
free cross sectional area of column = 0.004915 ft 2 
1 . --.:3~.c::8:.::8_ 
" iquid mass velocl ty, L = 0.004915 = 789 Ibs/(hr)(ft2) 
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As operation is with total reflux, 
liquid mass velocity, L = Gas mass velocity, G 
o dew point of avg. vapour = 80.4 C 
. . = 
vapour velocity, v 
35.6 
359 
= 
x 
789 
273 
353.4 
x 
.0765 
, 
= 
1 
3600 
0.0765 lbs/ft3 
= 2.86 ft/sec 
(Fig. 8.1.11) 
The vapour film coefficient, kG' 'is calculated from IIG, the vapour 
side height of a transfer unit, which is itself determined using 
the relationship: 
= + 
For total reflux, LM = GM 
= 
1I0G is determined experimentally from HOG 
, 
ilL is determined from kL ' which is itself determined using the 
correlation:-
= 7.9 
f< ) 0.7 ~: L '/ ~~):" (2.61) 
developed by Norman (ref. 7) 
liquid diffusivity of average liquid, DL = 
(Fig. 8.1.38) 
liquid density of average liquid, PL = 48.7 lbs/ft3 
(Fig. 8.1.20) 
liquid viscosity of average liquid, ~L = 1.32 lbs/(hr)(ft) 
(Fig. 8.1.29) 
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liquid Reynolds' Number = 4r 
11 
= 
4 x 37.6 
1.32 
= 114 
k~ = 7.9 x (114)°·7 (8.7 x 10-5)0.~ (48.7/1.32)°·17 
= 1.09 ft/hr 
= 
L 
k' P La L 
where specific area of packing, a = 21.06 ft 2/ft3 
789 
1.09 x 21.06 x 48.7 
= 0.705 ft. 
height of packing, Z = 0.875 ft. 
= 
0.875 
---0.349 = 2.51 ft. 
, 
slope of equilibrium curve, m = 0.505 
HG = 2.51 - 0.505 x 0.705 
= 2.15 ft. 
G 
= k' ap 
G v 
G 
= 
789 
= 2.15 x 12.06 x 0.0765 
= 229 ft/hr 
vapour sido diffusion coefficient, .Dv = 
disc diameter = 0.0478 ft. 
, 
d kG 229 x 0,0478 Sh = = 0.695 v D 
v 
= 15.8 
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(Fig. 8.1.2) 
(eqn. 4.10) 
.hydraulic mean diameter, d = 0,0540 ft 
e 
vapour viscosity, ~ = 0.02744 Ibs/(hr)(ft) 
v 
Re 
v = 
Sc = 
v 
Sh 
v 
-1/3 
Sc 
v 
Sh 
v 
Sc 
v 
G d 
e 
~v 
::= 19.7 
::= 30.6 
= 
789 x 0.0540 
0.02744 
= 1550 
0,02744 
= 0,0765 x 0.695 
= 0.516 
The correlations developed using these two groupings were:-
Sh = 
v 
0.234 Re 0.650 Sc 1/3 
v v 
Sh = 0,089 Re O,~08 Sc 
v v v 
(for Re < 1700) 
v 
(for Re :> 1700) 
v 
8.5 (Appendix) - Sample Calculation of Liquid Side Correlation 
Dimcnsionless Groups 
Ethanol/Water Run 88 
top reflux composition = 0.185 mole fr. ethanol 
bottom reflux composition = 0.075 " 
top'vapour composition = 0.181 " 
bottom vapour composition = 0.081 " 
time to collect 40ccs = 59.6 secs. 
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(5.3) 
(5.4) 
The following quanti ties wore obtained in the same way as the 
previous sample calculation (Section 8.4) 
average composition in column = 0.131 mole fr. ethanol 
liquid flow rate per unit width of surface, r = 51.9 lbs/(hr)(ft) 
mass velocity if the liquid and vapour stream are equal is 
2 L = G = 1090 lbs/(hr)(ft ) 
vapour density J P 
V 
0.0446 lbs/ft3 
vapour velocity, v = 6.78 ft/sec 
vapour Reynold's Number, Re = 1950 
v 
vapour Schmidt Number, Sc = 0.909 
v 
Furthermore, NOG = 0.3064 (calculated as in Appendix 8.3) 
0.875 
0.3064 
= 2.86 ft. 
, 
H is determined from kG' itself determined from the correlations G . 
developed earlier in this project:-
, 
kG d (Re )0.650 (Sc )1/3 = Sh = 0.234 (5.3) D v v v v 
(for Re < 1700) 
v 
, 
kG d (Re )0.808 (Sc )1.0 = Sh = 0.089 (5.4) D v v v 
v 
(for Rev> 1700) 
For this run Re = 1950, equation (5.4) is chosen v 
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, 
8h = 0.089 x (1950)0.808 x 0.909 
v 
= 36.8 
vapour diffusion coefficient, D = 
v 
disc diameter, d = 0.0478 ft. 
S1J. D 36.8 x 0.744 , v v 
kG = = d .0,0478 
= 572 ft/hr 
HG 
G 1090 
= k' ap = 572 x 21.06 G v 
= 2.02 ft. 
2 0.744 ft /hr 
x 0.0446 
(eqn. 4.10) 
In order to calculate m it is necessary to calculate the inter-
facial composition (x., y.) 
~ ~ 
y + * (y - y) (5.5) 
the vapour composition in equilibrium with the bulk liquid 
* Y = 0.480 (Fig. 8.1.2) 
average composition in column, y = 0.131 mole fr. ethanol 
x. 
~ 
m = 
Hence 
HL 
= 0.131 + 
2.02 
2.86 (0.480 - 0.131) 
= 0.377 mole f"r. ethanol 
= .066 mole fr. ethanol 
* y Yi 0.480 - 0.377 
= 
x 
- x. 0.131 - 0.066 ~ 
= 1.61 
HOG - JIG 2.86 -. 2.02 
= = 
m 1.61 
= 0.521 ft. 
2G8 
(Fig. 8.1.2) 
As 
and density of average liquid, 
L 1090 
3 56.75 1bs/ft 
0.521 x 21.06 x 56.75 
= 1.756 ft/sec. 
viscosity of liquid, ~L = 1.31 1bs/(ft)(hr) 
acceleration due to gravity, g = 
liquid diffusion coefficient, DL 
, (-? )1/3 ShL kL = DL P g J. 
1. 756 
= 
2 32.2 ft/sec 
-5 2 9.81 x 10 ft /hr 
1.31 x 1.31 
(Fig. 8.1.29) 
(Fig. 8.1.38) 
9.81 x 10
5 
(56.75 x 56.75 x 32.2 x 3600 x 3600 
//3 
= 1.81 
SCL 
~L 1.31 x 105 
= = PL DL 56.75 x 9.81 
= 235 
ReL 
4r 4 x 51.1 
= = ~L 1.31 
= 156 
PeL = SCL 
x Re
L = 235 x 156 
= 36,700 
surface tension of liquid at bulk composition x is = 30.4 dynes/cm 
(Fig. 8.1.47) 
composition of liqu~d in equl.librl.um with vapour of composition y 
* = x = 0.015 (Fig. 8.1.2) 
* * surface tension of liquid of composition x is er = 47.25 dynes/cm 
(Fig. 8.1.47) 
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* SL 
o 
47.25 
= 30.4 = 1.55 
= .00516 ft
2/hr (Figs. 8.1.20,56,65) thermal diffusivity, = k 
(~) L = 28.4 
. . (0*) 3.1 (~) -0.2 peL 0 D L = 36700 x (1.55)3.1 (28.4)0.2 
= 73040 
The correlation developed was:-
= [ ( *) 3.1 ( \-0.2] 0.625 0'.0027 PeL g: ~ ) J" (5.9) 
8.6 (Appendix) - Comparison of the experimental and predicted values 
Of NOG using the correlations developed in this work 
, (equa ti ons 5. 3, 4, 9) 
Ethanol/Water Run 12 
as before:-
average composition = .626 mole fr. ethanol 
vapour velocity 
Re = 1550 v 
Sc = 0.516 v 
ReL = 
114 
SCL 
ilL 
= PL DL 
pe
L = SCL 
(~) L = 49.8 
ReL 
;:;; 2.86 ft/scc 
= 
= 
1.32 x 105 
48.7 x 8.7 
312 x 114 
270 
312 
= 35,600 
(Figs. 8.1.20,38,56,65) 
• 
* () 
() = 1.091 
H is obtained using equations 5.3, 5.4. 
G 
As Re > 1700, 
v 
Sh 
v 
= 0.234 (Re )0.650 (Sc )1/3 
v v 
= 0.234 x (1550)0.650 (0.516)1/3 
= 22.4 
k' d 
Now Sh G = 
v D 
v 
disc diameter, d = 0.0478 ft 
D = 0.690 ft
2/hr 
v 
Sh D 22.4 x 0.695 , v v 
kG = -- = .. d 0.0478 
= 325 ft/hr 
G 789 
HG = k' = 325 x 21.06 a Pv x 0.0765 G 
.- 1.511 ft. 
The liquid phase coefficient is obtained using 
[peL (g*) (~XO.2 ] 3.1 ShL = 0.0027 
(Figs. 8.1.2,47) 
(5.3) 
(eqn. 4.10) 
eqn. 5.9 
0.625 
(5.9) 
= 0.0027 [35,600 x (1.091)3.1 x (49.8)-0.2 
J 0.625 
= 1.36 
, (~L: ) 1/3 
now Sh
L 
kL 
= 
DL PL g 
kL ShL . DL 
( ~L2 g) 1/3 
= P 2 .. 
L 
271 
-5 
( 48.7 
1.32 x 1.32 y/3 
= 1.36 x 8.7 ·x 10 x 48.7 x 32.2 x 3600 x 3600 
= p.90 ft/hp 
L 789 
HL = k' a PL 
= 21.06 x 48.7 L 0.90 x 
= 0.858 ft. 
In order to calculate m it is necessary first to calculate (x., y.), 
~ ~ 
this is done by determining when a line of ·slope - HG/HL passing 
through (x , y ) on the operating line, crosses the equilibrium 
curve, (Fig. 8.1.2). 
·1.511 
= 0.749 = 2.02 
This line crosses the equilibrium line at x. = 0.599 mole fr. ethanol 
~ 
Yi = 0.694 mole fr. ethanol 
* Also from the equilibrium curve, y = 0.707 mole fr. ethanol 
* y - Yi 0.707 - 0.694 
m = = 0.626 0.599 x - x. -
~ 
= .481 
= 
1.511 + 0.481 x 0.858 
= 1.924 ft. 
0.875 
= 1.921 = 0.455 
This compares with an experimental value of NOG equat to 0.349 
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8,7 (Appendix) Sample calculation of % additional surface 
area due to spray 
Film 2 system : ethnnol/benzene 
composition at top of column = 0.820 mole fr. ethanol 
cornposi tion at base of column = 0.910 mole fr. ethanol 
time to collect 40 ccs = 115 secs 
From these figures the average vapour velOCity in the column, and r , 
the liquid rate were calculated as in section 8.4 (appendix) 
vapour velocity ::;; 1.1 ft/sec 
::;; 20.3 Ibs/(hr)(ft) 
The position of the column studied by the film was at the base of 
disc 14, numbering from the top with the top disc being 1. 
range of composition in column 
= 0.910 - 0,820 
= 0.09 mole fr. ethanol 
as there are 19 discs in the column, composition at the base of disc 
14 0.820 + 14 
19 
x 0.09 
= 0.88 mole fr. ethanol. 
_ The film was projected on a screen giving a digc thickness of 1.38 ins 
Actual thickness of disc = 0.1676 ins 
linear magnification of projected image = 8.25 
In 1518 frames a t an average frame speed of 2000 frames per sec, 15 
drops were ejected from the liquid 
droplet frequency = 15 
1518 
x 2000 
= 20 drops/sec 
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Similarly, the number of ripples observed passing a fixed point 
on the disc just down stream of the junction was 90 in 747 frames at an 
average frame speed of 2000 frames per sec. 
ripple frequency = 90 
747 
x 2000 
= 240 ripples/sec. 
A consideration of between 15 and 20 droplets for this film 
indica ted tha t inunedia tely after ejection, the average droplet dimensions 
reduced to actual size were 
average length 0.07 ins 
average diameter 0.02 ins 
To calculate a typical droplet velocity, 
distance measured on the screen in 6 frames = 4 ins 
time represented by 6 frames at 2000 frames/sec = 6 
2000 
velocity of droplet 6 = / 2000 12 x 8.25 
= 13.5 ft/sec 
Average extra surface area produced/sec by droplets 
= frequency x approximate area of average droplet 
(droplets treated as long cylinders) 
= 20 x re x 0.02 x' 0.07 
2 
= 0.088 in /sec 
= 0.00061 
2 ft /sec 
Calculation of surface area exposed on 1 disc/sec 
= 20.3 Ibs/(hr)(ft) 
= 0.00565 Ibs/(sec)(ft) 
For, 0.86 mole fr. average compositi?n of ethanol, 
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PL = 
47.5 Ibs/ft3 (Fig. 8.1.20) 
IlL = 1.036 Ibs/(hr)(ft) (Fig. 8.1.29) 
= 0.288 
-3 . 
x 10 Ibs/(ft)(secs) 
surface velocity of liquid on a vertical surface is given by ref. 105 as 
(u ) 
L max 
2 
P g $ 
2 Il 
where film thickness S 
= 
(u ) 
L max 
47.5 X 32.2x103 
2 x 0.288 
= 0.439 ft/sec 
ffllr. 3 2 P g 
x6 '0.288 x 
\~:17.5 x 47.5 
-3· 10 x 0.565 x 
x 32.2 
2 
-2) 13 10 
Now height of column Z = 0.875 ft (with 19 discs) 
exposure time for 1 disc = 0.875 
19 x 0.439 
= 0.105 secs 
0.1005 ft2 Now total surface area of column = 
However. the approximate fraction of the disc surface ac tua lly wetted 
-' 0.53 
2 
actual wetted area in column = 0.0533 ft 
·surface area exposed by 1 disc/sec 
0.0533 
0.1O~ x 19 
2 ft Isec 
= .0267 ft2/sec 
275 
But area exposed by droplets/sec from the site under consideration 
2 
= 0.00061 ft /sec 
% extra interfacial area 
= 0.00061 
0.0267 
= 2.28 % 
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LIST OF SYMBOLS 
AND ABBREVIATIONS 
LIST OF SYMBOLS AND ABBREVIATIONS 
Unless otherwise stated in the text the symbols used have the following 
definitions: 
a 
A 
C 
d 
d 
e 
Specific surface area of packing, 
Cross sectional area of column, 
Concentration of more volatile component in the liquid, 
Bulk liquId concentration, 
. . 3 
lb mole/ft • 
Specific heat (of liquid), 
Diameter of disc, ft. 
Equivalent diameter of column for vapour flow, ft. 
3 lb mole/ft . 
d 
P 
Diameter of sphere POSSt·.dsing the same surface area as a piece of 
packing, ft. 
D Diffusion coefficient, 2 ft /hr. 
f Fraction of disc surface covered with moving liquid. 
g 
G 
Gravitational acceleration, 
Mass flow rate of vapour, 
Molal flow rate of vapour, 
2 ft/hr . 
lb/(hr) (ft2 ). 
2 lb mole/(hr)(ft ). 
Henry's law constant, 2 lb mole/(ft )(atm). 
HG Height of gas phase mass transfer unit, ft. 
HL Height of liquid phase mass transfer unit, ft. 
HOG Height of overall gas phase mass transfer unit, ft. 
HOL Height of overall liquid phase mass transfer unit, ft. 
jD Mass transfer factor in Reynolds analogy. 
k Thermal Conductivity (of liquid), BTU/(ft)(hr)(OF). 
Gas phase mass transfer coefficient, 
Gas phase mass transfer coefficient, 
Liquid film mass transfer coefficient, 
Liquid film mass transfer coefficient, 
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2 lb mole/(hr)(ft )(atm). 
ft/hr. 
2 lb mole/(hr)(ft ). 
ft/hr. 
, 
L 
LM 
. Liquid film mass transfer coefficient in absence of Maragnoni 
convection, ft/hr. 
Overall gas phase mass transfer coefficient, 
Overall gas phase mass transfer coefficient, 
Overall liquid phase mass transfer coefficient, 
Mass flow rate of liquid, 
Characteristic length, ft. 
Molal flow rate of liquid, 2 Ib mole/(hr)(ft ). 
2 Ib mole/(hr) (it )(atm). 
ft/hr. 
2 Ib mole!(hr) (ft ). 
m Slope of equilibrium curve. 
, 
m 
M 
Ma 
p 
Pe 
R 
'* 
Slope of equilibrium curve, defined as 5!x. dx 
* y 
Slope of equilibrium curve, defined as 
x 
Slope of equilibrium curve, defined as 
Molecular weight. 
CYi - CY 
Maragnoni number-, defined as • ~L k I, 
Refractive Index. 
Mass transfer rate of component A per unit area, Ib 2 mOlc/(fr)( ft ). 
Mass transfer rate of component B per unit area, Ib 2 mole/(fr)(ft ). 
Number of overall gas phase mass transfer units. 
Number of overall liquid phase mass transfer units. 
Partial pressure in bulk of gas, atm. 
Log mean partial pressure difference of inert gas in film, atm. 
Pree-sure, atm. 
Pressure drop over disc column, 
4r Mass transfer Peclet number of liquid, defined as P D 
Hydraulic radius, ft, 
Gas constant, 3 0 (ft )(atm)/(lb mole)( K). 
Reynolds number of liquid, defined as 
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4r 
~L 
'.-
Rev 'Reynolds number of vapour, defined as (u Pflde) v 
s 
S 
Reynolds number at distance 'x' from the leading 
edge of a boundary layer, defined as 
Thickness of disc, ft. 
Stabilizing index, defined as dO" (x - x*) dx 
Sc Schmid t number. 
, 
kL 
DL 
ShL Sherwood number in liquid phase, defined as 
, 
Sh Sherwood number in vapour phase, defined as 
kG 
t 
c 
T 
u 
v 
Contact time, secs. 
Boiling point temperature, 
Dew Point temperature, 
Temperature difference, 
Absolute temperature, 
o C. 
o K. 
Vapour velocity, ft/hr. 
o C. 
(uL)max Liquid surface velocity, ft/sec. 
u 
r 
v 
w 
x 
Vapour relative velocity, ft/hr. 
Vapour velocity, ft/se c . 
Rate of mass transfer, Ib mole/hr. 
Composi tion of liquid, mole fraction 
o C. 
of 
D 
M.V.C. 
(+-)1/3 
, P g L 
d' 
v 
* x Composition of liquid in ,equilibrium with vapour of compo::;it~on y. 
Composi tion of liquid at bottom of column, mole fraction of M.V.C. 
Composition of liquid at top of column, mole fraction of M.V.C. 
y Compos i ti on of vapour, mole fraction of M.V.C. 
* y Composition of vapour in equilibrium with liquid of composition x. 
YB Composition of vapour at bottom of column, mole fraction of M.V.C. 
YT Composition of vapour at top of column, mole fraction of M. V .C. 
z Dimension of length, or vertical height in column. 
z Height of column packing, ft. 
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0; Thermal diffusivity, defined as k 2 ft /hr. 
Liquid film thickness, ft. 
p Density, lb/ft3 . 
~ Viscosity, lb/(hr)(ft). 
Surface tension of liquid, dyne/cm. 
• a Surface tension of liquid in equilibrium with vapour 
of composition y, dyne/cm. 
~L kL Liquid phase mass transfer enhancement factor, defined as 
r Liquid flow rate per unit periphery of packing, lb/(hr)(ft). 
Subscripts 
i Interface. 
L Liquid phase. 
M Minimum ,'alue. 
v Vapour phase. 
Abbreviations 
H.E.T.P. Height equivalent to one theoritical plate. 
M.V.C. More volatile component. 
M.W.Il. Minimum wetting rate. 
PTFE. Polytetrafluoroethylene. 
U. M. 1. S. T. Uni versi ty of Manchester Institute of Science and Technology. 
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